ClinicalEvidence
Measles, mumps, and rubella: prevention

Search date July 2007
David Elliman, Nitu Sengupta, Haitham EI Bashir, and Helen Bedford

ABSTRACT

INTRODUCTION: Measles virus causes an estimated 21 million infections and 345,000 deaths a year worldwide, with increased risks of
neurological, respiratory, and bleeding complications in survivors. Mumps can cause neurological problems and hearing loss, orchitis with
infertility, and pancreatitis. Rubella infection is usually mild, but can lead to fetal death or severe congenital abnormalities if contracted in
early pregnancy. The incidence of all three infections has decreased significantly in countries with routine immunisation programmes targeted
at these diseases, but decreased immunisation rates are associated with increased risks of infection. METHODS AND OUTCOMES: We
conducted a systematic review and aimed to answer the following clinical questions: What are the effects of measles immunisation? What
are the effects of mumps immunisation? What are the effects of rubella immunisation? We searched: Medline, Embase, The Cochrane Library,
and other important databases up to June 2007 (Clinical Evidence reviews are updated periodically; please check our website for the most
up-to-date version of this review). We included harms alerts from relevant organisations such as the US Food and Drug Administration (FDA)
and the UK Medicines and Healthcare products Regulatory Agency (MHRA). RESULTS: We found 102 systematic reviews, RCTs, or ob-
servational studies that met our inclusion criteria. CONCLUSIONS: In this systematic review we present information relating to the effectiveness
and safety of the following interventions: MMR immunisation; monovalent measles immunisation; monovalent mumps immunisation; and
monovalent rubella immunisation.
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Key points

* Measles, mumps, and rubella are viral infections that can all be associated with serious disease in non-immune
people.

Measles virus causes an estimated 21 million infections and 345,000 deaths a year worldwide, with increased
risks of neurological, respiratory, and bleeding complications in survivors.

Mumps can cause neurological problems and hearing loss, orchitis with infertility, and pancreatitis.

Rubella infection is usually mild, but can lead to fetal death or severe congenital abnormalities if contracted in
early pregnancy.

The incidence of all three infections has decreased significantly in countries with routine immunisation programmes
targeted at these diseases, but decreased immunisation rates are associated with increased risks of infection.

« The MMR immunisation is considered to be effective in preventing measles, mumps, and rubella infection, but
placebo-controlled studies have not been done and would now be considered unethical.

The MMR immunisation can cause fever, febrile seizures, and anaphylaxis, with aseptic meningitis more likely
after some strains compared with others.

There is no evidence of an association between the MMR immunisation and risks of asthma, Guillain—Barré
syndrome, autism, diabetes, gait disturbance, demyelinating disorders, or inflammatory bowel disease.

* Measles immunisation with monovalent or MMR immunisation is associated with reduced risks of measles, measles-
related mortality, and subacute sclerosing panencephalitis.
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Seroconversion rates are similar for MMR and monovalent immunisations against measles, mumps, and rubella,
but use of monovalent immunisations requires more injections and so may take longer to achieve full protection.

Both the MMR immunisation and naturally acquired measles infection may increase the risk of idiopathic throm-
bocytopenic purpura.

* The use of MMR, rather than monovalent measles, mumps, and rubella immunisations, provides earlier protection
against all three diseases, requires fewer injections over a shorter period of time, and decreases the pool of indi-
viduals susceptible to these infections in the community.

DEFINITION

Measles, mumps, and rubella are infectious diseases. Measles is caused by a ribonucleic acid
paramyxovirus. The illness is characterised by an incubation period of 6 to 19 days (median 13
days), M g prodromal period of 2 to 4 days with upper respiratory tract symptoms, conjunctivitis,
Koplik's spots on mucosal membranes, and high fever, followed by a widespread maculopapular
rash that persists, with fever, for 5 to 6 days. Mumps is caused by a ribonucleic acid virus classified
as a rubulavirus in the Paramyxoviridae family. ™' The iliness is characterised by an incubation
period of 15 to 24 days (median 19 days), with a prodromal period of non-specific flu-like symptoms
preceding the development of parotitis. This swelling, which is frequently bilateral and accompanied
by abdominal pain and headache, usually resolves within 7 to 10 days. About one third of mumps
infections are subclinical or mild non-specific illnesses not recognised as mumps. @ Rubella is
caused by rubivirus, a ribonucleic acid enveloped togavirus in the Togaviridae family. There are
no animal reservoirs and only one serotype. ™ The incubation period is 15 to 20 days (median 17
days). Although virus is shed from 7 days before to 6 days after the appearance of the rash, the
period of infectivity with rubella is not known. The infection is frequently subclinical. M In clinical
infection, there are often no prodromal symptoms. A generalised lymphadenopathy is followed by
a rash up to 7 days later. Babies with congenital rubella syndrome (CRS) may excrete virus for
years and therefore be a source of infection. This review focuses on the use of monovalent or MMR
immunisation in healthy children from 12 months onwards; use of monovalent or MMR immunisation
in immunocompromised children is excluded.

INCIDENCE/
PREVALENCE

The incidence of measles, mumps, and rubella varies according to immunisation coverage. Measles:
Worldwide, there are an estimated 21 million cases of measles each year, Bl but the incidence is
only 0 to 10/100,000 people in countries with widespread immunisation programmes such as the
USA, UK, Mexico, India, China, Brazil, and Australia. ) In the USA, before licensing of effective
immunisations, more than 90% of people were infected by the age of 15 years. After licensing in
1963, incidence fell by about 98%. B The mean annual incidence in Finland was 366/100,000 in
1970, ¥ put steadily decreased since the launch of vaccination in 1982, with three cases in 1995
and no cases in 1996. " Similarly, the annual incidence declined to zero in Chile, the English-
sPeaking Caribbean, and Cuba during the 1990s, when immunisation programmes were introduced.
E Bl Mumps predominantly affects children, with 32% of reported cases worldwide in children
aged 0 to 4 years and 53% in children aged 5 to 14 years. B In the preimmunisation era, by 10
years of age, 87% of the population in England had serological evidence of mumps infection. [
Since the introduction of the MMR, there has been a decrease in the incidence of disease, such
that in some countries (e.g., Finland) there is no longer any indigenous disease. ® Those cases
that still occur are usually in an older age group, who are not immunised. For example, over 56,000
cases of mumps were reported in England and Wales in 2005 (compared with 16,000 cases in
2004). 12 |n contrast to figures from 1989 (where 12% of cases occurred in people aged 15 years
or over), over 80% of cases in 2005 occurred in this age group. Rubella: In the preimmunisation
era in the UK, rubella was rare under the age of 5 years, with the peak incidence being between
5and 10 years of age. = Serological surveys around the world found that by late adolescence/early
adulthood, 80% of women had been infected. ™

AETIOLOGY/
RISK FACTORS

Measles is highly contagious, with mumps and rubella being less so. As with most other infectious
diseases, risk factors include overcrowding and low herd immunity. Measles spreads through air-
borne droplets. ™ Newborn babies have a lower risk of measles compared with older infants, owing
to protective maternal antibodies, although in recent US outbreaks, maternal antibody protection
was lower than expected. ! Antibody levels are lower in babies born to immunised mothers com-
pared with offspring of naturally infected mothers. ™ ™ Mumps spreads through respiratory
droplets, saliva, and possibly urine. M The period of infectivity extends from a few days before the
salivary glands become enlarged to about 5 days after. As with measles, the risk of mumps is
lower in the first 9 to 12 months of age, owing to the presence of maternal antibodies, although
this pattern may change in a largely immunised maternal population. Rubella spreads through direct
contact or airborne droplets. ™

PROGNOSIS

Measles: The WHO estimated that measles caused 345,000 deaths and 12.1 million disability-
adjusted life years in 2005. Bl Measles in healthy people: In resource-rich countries, most prog-
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nostic data come from the preimmunisation era and from subsequent outbreaks in non-immunised
populations. The overall rate of complications in the UK was 6.7% before the introduction of measles
immunisation. Encephalitis affected 1.2/1000 diseased people, and respiratory complications arose
in 38/1000 diseased people. 07 Other complications before the introduction of the immunisation
included seizures, with or without fever, affecting 5/1000 people with measles. () Idiopathic
thrombocytopenic purpura (ITP) has been reported, but the frequency is not known. Subacute
sclerosing panencephalitis is an inevitably fatal, progressive degenerative disorder of the central
nervous system, with a mean onset 7 to 10 years after measles infection. It is more common when
measles occurs under the age of 1 year (18/100,000 in children <1 year of age v 4/100,000 overall),
as identified by a passive reporting system set up in England and Wales to monitor the incidence
of subacute sclerosing panencephalitis. 9 Between 1989 and 1991 in the USA, measles resurgence
among young children (aged <5 years) who had not been immunised led to 55,622 cases, with
more than 11,000 hospital admissions and 166 deaths. ?% % 2 Measles complications also
include diarrhoea (9%) and pneumonia (6%). 22 Measles during pregnancy results in a higher risk
of premature labour, @ but no confirmed increase in congenital anomalies. ** Measles in mal-
nourished or immunocompromised people: In malnourished people, particularly those with vi-
tamin A deficiency, measles case fatality can be as high as 25%. Immunocompromised people
have a higher morbidity and mortality. Children younger than 5 years, and adults older than 20
years, have a higher risk of severe complications and death. @ ! |n the period between 1974
and 1984, four major paediatric treatment centres in the UK reported that 15/51 (29%) deaths in
children in their first remission from leukaemia resulted from measles. % Another report reviewing
cases from the same four UK centres between 1973 and 1986 found that 5/17 (29%) cases of
measles in children with malignancies proved fatal. 27 At least 5/36 (14%) measles-associated
deaths in 1991 in the USA were in HIV-infected people. 2% Worldwide, measles is a major cause
of blindness, and causes 5% of deaths in young children (aged <5 years). (28] Mumps: Deaths
following mumps are rare, with about five registered annually in the preimmunisation era in England
and Wales (although only half of these were judged to be directly because of mumps). 1% peaths
occurred mainly in people aged over 40 years. The most important complications of mumps are
those relating to the central nervous system, the gonads, and the pancreas. Before the introduction
of the MMR immunisation in the UK, mumps was one of the most common causes of aseptic
meningitis, accounting for about 20% of cases. 9 The outcome was usually benign. Mumps en-
cephalitis is less common and the outcome more serious. B9 A case series (41 children) in Finland
found that 2/40 (5%) children had continuing ataxia and 7/42 (17%) had behavioural disturbances
at 4 months to 2 years after mumps encephalitis. BY sensorineural hearing loss, usually unilateral,
occurs after mumps infection, but its prevalence is unknown, although paediatricians in Israel who
had observed cases of hearing loss following a mumps epidemic in 1984 suggested that it may be
as common as 1/3400 (0.03%). B2 A large population-based study of mumps undertaken in the
USA (1310 cases from 1935 to 1974) found orchitis in 10% of males overall, being much more
common in adults. ®¥ Orchitis was bilateral in 17% of men. The study found testicular atrophy in
47/132 (36%) men, of whom two developed testicular neoplasms. A smaller population-based
study of mumps in a virgin population (561 Yupik people on St Lawrence Island) found that 52/205
(25%) of men with mumps had orchitis, of which 26 cases were unilateral, 19 bilateral, and seven
unknown. *¥ Most cases (73%) occurred in males aged 15 years or over, of whom 37% had bilat-
eral disease. In females who had mumps, 15% had mastitis, one third of whom were aged 15 years
or over. ® Ina community-based study in the USA (342 cases), the most frequent complication
of mumps was pancreatitis, occurring in 12/342 (4%) people, @ \whereas in a case series, 50/109
(46%) people admitted to hospital had clinical signs of pancreatitis. %5 There is an increase in the
rate of spontaneous abortion following mumps infection in the first trimester, * but no increase
in congenital anomalies or prematurity. ¥ Rubella: Complications of rubella are rare in children.
In an epidemic in Japan in 1987, 8250 children under 15 years of age were estimated to have
suffered rubella infection. *® Five children developed encephalitis (one with adverse sequelae),
three had meningitis, four had ITP, four had vascular purpura, two had haemolytic anaemia, and
eight had pneumonia. Retrospective observational data suggest that ITP may occur at a rate of
about 1/3000. *" Rubella encephalopathy occurs, but rarely, and a case series suggested that
long-term sequelae were less frequent than after measles encephalopathy. ®® In children, arthralgia
is infrequent; however, in adults, especially women, it is common. A review of hospital records (74
adults with rubella) in London, UK, found that most had arthralgia and 11/74 (15%) had arthritis.
31 Arthritis may be recurrent, but is usually self-limiting. The most serious consequence of rubella
infection is congenital rubella syndrome (CRS), first described by Gregg in 1941. B9 Almost any
system can be affected by CRS, depending on the stage of pregnancy at which the infection occurs.
In a prospective cohort study of over 1000 pregnant women in England and Wales with confirmed
rubella infection, the frequency of congenital infection after maternal rubella with a rash during the
first 12 weeks of pregnancy was more than 80%, declining to 25% when the infection occurred at
the end of the second trimester. % Rubella-related defects occurred in all infants infected before
the 11th week of pregnancy, in 35% of those infected at 13 to 16 weeks, and in no infants infected
later in pregnancy. “? The earlier in pregnancy the infection occurs, the more serious the defects;
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for example, infants infected before the 11th week had both CHD and deafness, whereas infants
with later infections only had deafness.

AIMS OF To eliminate measles, mumps, and rubella infection and CRS, with minimal adverse effects.
INTERVENTION

OUTCOMES Treatment effectiveness (clinical cases; rates of seroconversion): rates of clinically apparent
measles, mumps, and rubella. If no clinical outcomes were available, we reported rates of serocon-
version because it is used frequently as a correlate of immunisation efficacy; mortality; complications
of infection: related complications including CRS; adverse effects.

METHODS Clinical Evidence search and appraisal July 2007. The following databases were used to identify
studies for this systematic review: Medline 1966 to June 2007, Embase 1980 to June 2007, and
The Cochrane Database of Systematic Reviews and Cochrane Central Register of Controlled
Clinical Trials, Issue 2, 2007. Additional searches were carried out using these websites: NHS
Centre for Reviews and Dissemination (CRD) — for Database of Abstracts of Reviews of Effects
(DARE) and Health Technology Assessment (HTA), Turning Research into Practice (TRIP), and
NICE. We also searched for retractions of studies included in the review. Abstracts of the studies
retrieved from the initial search were assessed by an information specialist. Selected studies were
then sent to the author for additional assessment, using pre-determined criteria to identify relevant
studies. Study design criteria for inclusion in this review were: published systematic reviews, RCTs,
and observational studies in the English language. RCTs could be "open" or "blinded", and had to
contain 20 individuals or more, of whom 80% or more were followed up. There was no minimum
length of follow-up required to include studies. In addition, we use a regular surveillance protocol
to capture harms alerts from organisations such as the FDA and the UK Medicines and Healthcare
products Regulatory Agency (MHRA), which are added to the reviews as required. For additional
information on immunisation strains and branding, see table 1, p 24 . Where possible, original articles
were sought and critiqued in preference to non-systematic reviews. Comprehensive or systematic
reviews were included. We only included studies involving immunisation strains that are currently
widely used. In the benefits section comparing different immunisations and schemes, we included
RCTs and stronger observational studies, because after the high clinical efficacy against measles,
mumps, and rubella shown in early RCTs, further RCTs have been considered unethical (see
benefits of measles immunisation, p 4 ). We assessed the use of monovalent or MMR immunisation
in healthy children from 12 months of age onwards: studies assessing the use of monovalent or
MMR immunisation in immunocompromised children were excluded. We included a selection of
recent population outbreak studies to show the ongoing effect of measles, mumps, and rubella in
terms of disease-related complications, as well as immunisation efficacy; the studies included
represent only a small proportion of reports available. In the harms sections, we looked at the MMR
immunisation only, and included RCTs and robust observational studies (see harms of measles
immunisation, p 4 ). We have not assessed congenital rubella syndrome as a possible adverse
effect of monovalent rubella or MMR immunisation; we will add information on this in future updates
of this review. We have not included case reports or articles published in languages other than
English. To aid readability of the numerical data in our reviews, we round many percentages to the
nearest whole number. Readers should be aware of this when relating percentages to summary
statistics such as relative risks (RRs) and odds ratios (ORs). This review was undertaken in response
to concerns about the possible association of immunisation with specific adverse effects, and the
review was structured a priori to look for the evidence on a range of pre-selected adverse effects,
as well as any evidence of benefit of immunisation. Therefore, this review differs in perspective
from other Clinical Evidence systematic reviews, which weigh the evidence of benefits and harms
on an equal footing without such prior selection. In view of the different perspective that this review
takes (i.e., focusing on evidence relating to possible harms), we have not GRADED this review,
as it would not represent the overall balance of evidence of benefits and harms relating to these
interventions. Rather, we have summarised the reported evidence under outcome-based headings,
in which the overall balance of the evidence can be more correctly represented.

(ol8]SS3R[e]\Il \What are the effects of measles immunisation?

OPTION MONOVALENT MEASLES IMMUNISATION OR COMBINED MMR IMMUNISATION

Treatment effectiveness (clinical cases; rates of seroconversion)

Compared with placebo or no immunisation One quasi-randomised RCT, a nationwide retrospective cohort study,
and several population-based studies based in countries with different healthcare systems, and socioeconomic and
demographic distributions found consistent evidence that measles immunisation (MMR or monovalent) reduced the
incidence of measles infection.

Mortality
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Compared with placebo or no immunisation One large cohort study found that measles immunisation is associated
with a reduction in mortality compared with no immunisation.

Complications of infection
Compared with placebo or no immunisation One case control study found that a history of measles immunisation
was less likely among people with subacute sclerosing panencephalitis (SSPE) than among healthy controls.

Adverse effects

Compared with placebo or no immunisation One RCT, cohort studies, and population-based studies have found that
MMR immunisation was associated with increased rates of fever and febrile seizures, although febrile seizures were
rare, and there was no evidence of increased rates of afebrile seizures. Observational studies found that MMR
containing some immunisation virus strains was associated with an increased risk of aseptic meningitis, and MMR
immunisation was also associated with an increased risk of idiopathic thrombocytopenic purpura (ITP) and arthralgia.
We found no evidence of an association between MMR immunisation and the risks of developing asthma, type 1
diabetes, Guillain—Barré syndrome, gait disturbance, multiple sclerosis, optic neuritis, autism or autistic spectrum
disorders, leukaemia, or inflammatory bowel disease. Anaphylaxis has been reported after immunisation with MMR,
but this is rare.

Note:

RCTs using a control group receiving no immunisation or placebo are now deemed unethical because of the existing
evidence of efficacy of the MMR immunisation, and because of the potential harms associated with naturally acquired
measles, mumps, or rubella infection. Measles causes an estimated 345,000 deaths worldwide annually, with increased
risks of neurological, respiratory, and bleeding complications.

Benefits: We found no systematic review. We found one quasi-RCT from the UK comparing monovalent
measles immunisation versus no immunisation. ) We also found one large retrospective cohort
study “? and several other large observational studies @ **! ¥ assessing measles infection
rates in immunised compared with non-immunised children. All found that measles immunisation
reduced measles infection rates.

RCTs of measles incidence after MMR or monovalent immunisation:

We found no RCTs comparing the clinical effects of MMR versus no immunisation or placebo. The
guasi-RCT conducted in the UK followed 36,211 children aged 10 months to 2 years, for 9 months.
11" Children were allocated according to birth date to live immunisation alone (9538 children); killed
immunisation (EEB strain) followed by live immunisation (Schwarz strain; 10,434 children); or no
immunisation (16,239 children). The trial found an 85% efficacy over 6-month follow-up in children
who had been immunised with either live immunisation alone or killed immunisation plus live immu-
nisation, compared with non-immunised controls (20 cases/1000 immunised children v 134 cas-
es/1000 non-immunised children). Follow-up of a subset of these children (live immunisation group
[7889 children]; killed plus live immunisation [8171 children]; and non-immunised [5593 children])
found an increase in protective effect 2 years and 9 months after immunisation (94% with live im-
munisation v 88% with killed plus live immunisation) after exposure to two major epidemics. [l
After 15-years follow-up (at 12—-27 years after recruitment) of 9106 children, there was a higher
incidence of measles in the non-immunised group. 1 The difference between immunised and
non-immunised children remained after controlling for subsequent immunisation in initial placebo
groups, but it did not remain after controlling for growing herd immunity after mass immunisation
(AR: 0.3/1000 person-years with immunisation v 1/1000 person-years with no immunisation;

P <0.0[9%). The overall protective efficacy was high (92%, 95% CI 86% to 95%) between 1976 and
1990.

Cohort studies of measles incidence after MMR or monovalent immunisation:

One large retrospective cohort study of the entire US population from 1985 to 1992 compared
measles infection rates in children who were immunised versus rates in children whose parents
had declined immunisation (17,390 cases from an immunised population of 51,264,140 to 52,377,192
from 1985-1992 v 2827 cases from a non-immunised population of 234,040 to 245,887 from
1985-1992). 2l The cohort study did not state what proportion of immunised children received
monovalent or MMR immunisation, although MMR was already widely used in the USA by 1985.
The study found that, although overall measles incidence was low because of herd immunity, im-
munisation significantly reduced measles infection compared with no immunisation (incidence of
measles in immunised group: 0.56—17.59/100,000; incidence in non-immunised group:
5.15-378.33/100,000; RR of measles in non-immunised vimmunised groups 4-170; all depending
on age group and year of survey).

Population-based studies of measles incidence after MMR or monovalent immunisation:
We also found many population-based studies from different countries with different healthcare
systems, and different socioeconomic and demographic distributions, [ 4 1461 [471 [48] [49] [50]
These studies consistently found that measles immunisation was associated with a steep decline
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in measles infection. In most resource-rich countries, 95% of the population must be immunised
to eliminate measles infection. In countries with greater population density, immunisation coverage
may need to reach 99% to eliminate measles infection. B One time series from the WHO found
a global decline in reported measles incidence (which underestimates true incidence) from about
4.5 million per year in 1980 to about 1.0 million per year in 2000. 3 The decline was associated
with the rise in reported measles immunisation coverage from about 10% in 1980 to about 80% in
2000. One population-based time series of measles incidence from Finland found that, in a popu-
lation of about 5 million people, after the introduction of a live monovalent immunisation programme
(1975-1981), the number of new measles cases each year fell from an average of 2074 cases
between 1977 and 1981, to 44 cases in 1985. ) This trend continued, with only 13 new measles
cases in 1993.Shortly after introducing the MMR programme in Finland in 1982, mumps incidence
also fell, from an average of 9366 cases of mumps per year in 1977 to 1981 to fewer than 20 cases
per year in 1990 to 1993. Cases of rubella fell from 423 laboratory-confirmed cases in 1984 to
1986, to 25 cases in 1993. %) One cross-sectional study in Sao Paulo, Brazil, which was repeated
before and after a measles immunisation campaign in 1987 (8163 people, strain not reported),
found that reported measles incidence fell from 222 per 100,000 in 1987 to 2.7 per 100,000 in
1988. Y However, measles outbreaks in countries with high immunisation coverage can still occur.
Between 1999 and 2000 in the Netherlands, a measles outbreak took place in a school in which
only 7% of the children were immunised. ;52 Eventually, 94% of non-immunised people from closed
communities were affected, amounting to 3292 cases. The Netherlands had one of the lowest rates
of measles disease with high immunisation coverage (96%), and the epidemic was attributed to
the presence of small non-immunised pockets.

Population-based studies of measles mortality after MMR or monovalent measles immuni-
sation:

We found one cohort study. 3! There are numerous population-based studies evaluating the effects
of MMR immunisation on mortality, and we report two representative studies below. ** ' The
cohort study compared a group of children in Bangladesh immunised with live Schwarz strain
monovalent measles immunisation versus age-matched, non-immunised children (8135 matched
pairs). 53 Jt found a significant reduction in mortality with immunisation (16,270 children aged 9-60
months at immunisation; RR for mortality at 43 months 0.54, 95% CI 0.45 to 0.65). A measles
outbreak of 1571 cases was reported in 2002 in Campania, Italy, where MMR immunisation coverage
was under 70%. ** The outbreak led to 594 admissions to hospital and four deaths. From December
1999 to June 2000, an outbreak of measles in Dublin, Ireland, led to 1115 notifications and 111
measles-related paediatric hospital admissions. (58] Only one third of the children over the age of
15 months (the age recommended for MMR immunisation) were immunised, and all three deaths
reported occurred in non-immunised children.

Case control studies of incidence of subacute sclerosing panencephalitis after MMR or
monovalent immunisation:

Rates of subacute sclerosing panencephalitis (SSPE) have fallen considerable/ wherever thegy have
been monitored after the introduction of measles-containing immunisations. *® 7 B8 B9 ope
case control study found that a history of measles immunisation was significantly less likely among
people with SSPE than among healthy controls (OR 0.25, 95% CI 0.05 to 0.54). 59 we found no
other studies of MMR immunisation, but SSPE is rare where any measles-containing immunisation
is in widespread use. Out of 19 brain biopsies of people with SSPE, not one measles virus was
linked to an immunisation-like strain

Harms: Acute fever and febrile seizures:
We found one non-systematic review, one RCT, 3 two retrospective cohort studies,
one population-based surveillance programme, %! and three self-controlled case series assessing
fever due to immunisation in otherwise healthy children. 671 81 11 The review (search date 1998)
of observational studies (humber of studies and people not reported) suggested that up to 5% of
non-immune people develop moderate-to-high fever (38.6 °C or higher) within 7 to 21 days of im-
munisation. )

[62] [64] [65]

The RCT (crossover design) assessed acute adverse effects of MMR compared with placebo in
1162 twins (460 children aged 1 year, of whom 1.3% had previously been immunised; 702 children
aged 2 years or more, 95% of whom had previously been immunised or experienced measles). (63)
One member of each twin pair was randomly selected and allocated to MMR immunisation followed
by placebo 3 weeks later. The remaining twin was allocated to the opposite combination. The RCT
found that, among children aged 14 to 18 months, MMR significantly increased the incidence of
moderate fever (range 38.6—39.5 °C) within 21 days (25% with MMR v 6% with placebo; OR 3.28,
95% CI 2.23 to 4.82) and high fever (>39.5 °C; 7% with MMR v 3% with placebo; OR 2.83, 95%
Cl 1.47 to 5.45) compared with placebo. There was no significant difference among children over
6 years of age in rates of fever between the two groups (5/1000 in children receiving immunisation
or placebo; P >0.10) but most had been immunised previously.
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The first retrospective cohort study in 679,942 children from four health maintenance organisations
(HMOs) in the USA found that children who had received MMR (strains not listed) were significantly
more likely to experience febrile seizures 8 to 14 days after receiving MMR compared with children
of the same age who had not been immunised (ARI: 25—-34 additional seizures/100,000 immunised
children; RR 2.83, 95% CI 1.44 to 5.55; ARI estimated by comparison with background seizure
risk in all children aged 12—24 months: 0.025%; NNH 4000; CI not reported). 4 The study found
no significant difference in febrile seizures during the first week (RR 1.73, 95% CI 0.72 to 4.15) or
15 to 30 days after immunisation (RR 0.97, 95% CI 0.49 to 1.95). The study followed up 562 children
with febrile convulsions (22 within 7-21 days of MMR; 18 within 0—7 days of diphtheria, tetanus,
and pertussis [DTP]; 1 after both immunisations; and 521 whose seizures occurred outside these
periods following immunisation). It found that, when comparing MMR or DTP versus no immunisation,
there was no significant difference in the risk of developing subsequent seizures (RR 0.65, 95%
Cl1 0.32 to 1.35). No child with a febrile seizure after immunisation went on to develop afebrile
seizures. Similarly, among 273 children with febrile convulsions in one of the four participating
HMOs, the study found no evidence that MMR immunisation before seizure significantly increased
the risk of learning disability or developmental delay compared with no immunisation before seizure
(RR after adjusting for age at first febrile seizure 0.56, 95% CI 0.07 to 4.20). It found no significant
increase in afebrile seizures after MMR immunisation (within 15-30 days of MMR: RR 0.48, 95%
C1 0.05 to 4.64).

The second retrospective cohort study assessed 537,171 children born in Denmark between 1991
and 1998, of whom 82% (439,251) had received MMR immunisation. It found that, overall,
MMR immunisation significantly increased febrile convulsions in the 2 weeks immediately after
receiving the immunisation compared with no immunisation, but rates were low in both groups
(2.46/1000 children with immunisation v 0.90/1000 children with no immunisation; RR 2.75, 95%
Cl 2.55 to 2.97). Children who had previously had a febrile convulsion, or who had one or more
siblings with febrile seizures, were at greatest risk (ARI: children with previous seizures: 19.47,
95% CI 16.05 to 23.55; children with family history of seizures: 3.97, 95% CI 2.90 to 5.40; absolute
figures not reported). The study found no significant increase in epilepsy in children who had a
febrile convulsion associated with MMR immunisation (RR 0.70, 95% CI 0.33 to 1.50), but found
a significant increase in further febrile seizures (RR 1.19, 95% CI 1.01 to 1.41).

The population-based passive surveillance programme assessed harms of MMR in all 1.8 million
people immunised over a 14-year period in Finland. I Surveillance relied on healthcare personnel's
awareness of the programme, and their reporting of adverse events felt to be associated with MMR.
Therefore, the results should be treated with caution. Advertisements of the programme appeared
in seminars, the media, and the medical press. Acute reactions were more likely to have been re-
ported than long-term effects. Fever was associated with MMR in 277 children (AR: 15/100,000
immunised children or 9.2/100,000 doses). Febrile seizures were reported in 52 children (AR:
17/million doses), 28 of which could have been caused by MMR (9/million doses) according to
predefined clinical and serological criteria. These are gross underestimates compared with the US
retrospective study, 54 and suggest an inadequacy of the Finnish study for detecting relatively
minor events. *°

The first self-controlled case series examined the incidence of febrile convulsions after immunisation
with different MMR strains. ®”! In children between 12 and 24 months of age, it found an increased
incidence of hospital admission due to febrile seizures 6 to 11 days after receiving any MMR immu-
nisation compared with the control period (AR: 50/100,000; ARI: 33 additional seizures/100,000
doses). From 15 to 35 days after immunisation, there was no increased risk in febrile seizures with
Jeryl-Lyn-containing immunisation compared with the control period. However, with the Urabe-
containing immunisation, it found an absolute risk of febrile seizures or aseptic meningitis of
91/100,000 immunised children, with an attributable risk of 38/200,000 immunised children compared
with control.

The second self-controlled cases series (children aged 12—23 months in North and South Thames
regions of England; combined annual birth cohort of approximately 100,000) found a significant
increase in febrile convulsions 6 to 11 days after MMR immunisation with immunisations containing
either Jeryl-Lynn or RIT 4385 mumps immunisation strains, compared with the preimmunisation
control period (relative incidence for immunisations containing Jeryl-Lynn or RIT 4385: 4.09, 95%
Cl13.141t05.33). 8] However, at 15 to 35 days after immunisation, there was no increase in febrile
convulsions compared with the control period (relative incidence for immunisations containing Jeryl-
Lynn or RIT 4385: 1.13, 95% CI 0.87 to 1.48).

The third self-controlled case series in the USA (2173 children from one HMO in rural Wisconsin)
studied acute adverse effects of MMR in three different groups: children aged 12 to 24 months re-
ceiving their firstimmunisation dose, children aged 4 to 6 years receiving their second immunisation
dose, and children aged 10 to 12 years receiving their second immunisation dose. ** Among
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toddlers receiving their first immunisation, it found significantly higher rates of fever, rash, and diar-
rhoea in the 2-week period postimmunisation compared with the 2-week preimmunisation control
period (proportion of children reporting at least one symptom of fever, rash, or diarrhoea: 112/535
[21%] preimmunisation v 278/535 [52%] postimmunisation; reported as significant; P value not re-
ported). The study found that, in older children receiving their second immunisation dose, there
was no significant difference in the incidence of these symptoms during the control period and 2
weeks postimmunisation. 9 These results are broadly consistent with the crossover RCT, 163]
although the design of the self-controlled case series is less robust, with no blinding, and parents
only recording temperature when a fever was suspected. [69]

Aseptic meningitis:

Observational studies using a variety of methods have reported a wide range of risk estimations
for aseptic meningitis after MMR immunisation (AR: 7—250/million immunisations), even in the
same country. [l Using self-controlled case series in the UK, the risk of aseptic meningitis was
assessed for MMR immunisations containing either Urabe or Jeryl-Lynn mumps immunisation virus
strains. ®”) The case series found that the immunisation increased the risk of aseptic meningitis
15 to 35 days after receiving Urabe-containing immunisations (AR: 67/million immunised children;
ARI: 63/million immunised children). No cases of aseptic meningitis were reported with the Jeryl-
Lynn-conte[gilr}ing MMR immunisation. This latter finding was confirmed using similar methods in a
US study.

A further self-controlled cases series in the UK (children aged 12—23 months in North and South
Thames regions of England; combined annual birth cohort of approximately 100,000) found no
cases of aseptic meningitis in the 15- to 35-day period after the administration of an MMR immuni-
sation containing the RIT 4385 mumps immunisation strain (one of the 2 strains found in Jeryl-Lynn
immunisations) out of 91,777 doses given.

One retrospective population surveillance study in part of Brazil (based on hospital admissions
before and after a mass immunisation campaign using Urabe-containing MMR) found that MMR
significantly increased the risk of aseptic meningitis 3 to 5 weeks after immunisation (32/452,344
doses; RR 30.4, 95% CI 11.5 to 80.8; attributable risk 71/million doses). [2l A case crossover study
of hospitalised children found no significant risk of developing aseptic meningitis with the Jeryl-
Lynn or the Rubini strains of the immunisation (RR 0.60, 95% CI1 0.18 to 1.97). It found an increased
risk after immunisation with the Urabe or Hoshino strains, particularly in the third week after immu-
nisation (RR 15.6, 95% CI 5.9 to 41.2). " However, the assignment of immunisation strains was
based on assuming a pattern of provider usage rather than individual records, and there was no
evidence that this assumption was tested. Reported cases of aseptic meningitis increased during
a mass MMR immunisation campaign using the Leningrad—Zagreb mumps strain in Brazil in 1997,
compared with the previous 2 years (28.7 cases/10,000 person-weeks v 4.5 cases/10,000 person-
weeks). "I The absolute risk of aseptic meningitis 15 to 35 days after immunisation was 29/100,000
doses. Other causes of aseptic meningitis were not ruled out and therefore the attributable risk
could not be calculated, but the temporal pattern of increase in cases suggests that most were due
to the immunisation. The risk of aseptic meningitis following Leningrad—Zagreb-containing MMR
seems higher than that following both Urabe- and Jeryl-Lynn-containing immunisations. Similar
findings were reported after a mass immunisation campaign with Leningrad—Zagreb immunisation
in two states in Brazil in 1998. "* The incidence of aseptic meningitis increased compared with
the previous 2 years. The estimated attributable risk of aseptic meningitis after immunisation ranged
from 52 per million to 160 per million immunisations, depending on the criteria used.

Idiopathic thrombocytopenic purpura (ITP):

Naturally acquired measles and measles immunisation have both been associated with ITP. We
found three self-controlled case series, *” " " the second including the cases from the first,
and one case control study. 81 In these studies, immunisation records were linked with computerised
hospital admission records, and the incidence of ITP during a risk period (0-42 days after MMR
immunisation) was compared with the incidence outside this risk period.

The first two studies found a significant increase in incidence of ITP after MMR immunisation (AR:
45/million people; ARI: 31/million people; RR 3.27, 95% Cl 1.49 to 7.16). ) " The study included
14 children who had had a first episode of ITP before MMR immunisation. Although three of these
children had further episodes of ITP, none were within 6 weeks of immunisation.

The third self-controlled case series of children in south-east England also found an increased in-
cidence of ITP in the 4-week risk period after MMR immunisation compared with the preimmunisation
control period (6 cases in risk Period; number of immunisation doses not reported,; relative incidence
6.91, 95% CI 1.81 to 26.4). I'"!
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The case control study carried out in the UK found that MMR was associated with an increased
incidence of ITP within 6 weeks of immunisation (ARI: 40/million immunised children, 95% CI
11/million to 47/million). "®

Arthritis and arthralgia:

One crossover RCT in twin children found that immunisation with MMR, given either at 14 to 18
months of age, or at 6 years of age, significantly increased the risk of developing arthralgia compared
with placebo (14-18 months: OR 3.66, Cl 1.74 to 7.70; P <0.001). ** The duration of arthralgia
was not described, but it is implied that it was mild.

Anaphylaxis:

Anaphylaxis after MMR has been reported, albeit infrequently. * We found no accurate figures.
During the 1994 measles—rubella immunisation campaign in the UK, 5.8 million children (aged
5-16 years) were immunised. A passive surveillance using "yellow cards" identified 123 reports of
children with signs or symptoms of allergic reactions in varying degrees of severity, but with no
deaths or anaphylaxis within 24 hours of immunisation. 5 The absolute risk is therefore 15/million
doses. If confined to anaphylactic reactions, the rate was 1/100,000 doses. (5]

Asthma and eczema:

We found one systematic review, 2 three cohort studies and two case control studies.
67 The systematic review found three studies relating to measles immunisation and one to
MMR, all of which had limitations to the methods used, precluding the possibility of drawing an
overall conclusion. *

[83] [84] [85]

The cohort studies, all of which had weak methods, found no evidence of an association between
MMR and asthma or eczema. The first cohort study in four HMOs in the USA compared the MMR
immunisation status of children with diagnosed and treated asthma. 31 Inclusion criteria were
children with asthma after the age of 1 year who had been enrolled with the HMO at birth, and re-
mained so until at least 18 months of age. The median age at last follow-up for the whole group of
children was 28 months. The median age at first episode of asthma was 11 months. It found that
the risk of developing asthma was not increased after MMR immunisation (RR 0.97, 95% CI 0.91
to 1.04). It found no change in these figures when only those children with asthma requiring
emergency department attendance or hospital admission were included. Although the duration of
follow-up was relatively short (28 months), the authors argue that this was probably long enough
to pick up most cases. ©**

The second cohort study, carried out in the USA, assessed children who had been enrolled in an
earlier case control study of infant wheezing, and compared the incidence of asthma in children
with MMR immunisation versus non-immunised children. ® It included 1778 children aged 3 to 7
years, of whom 881 had wheezed in infancy and 897 had not. The study found no significant differ-
ence in the proportion of children who had asthma between immunised and non-immunised children
(33/383 [9%] of immunised children v 125/1395 [9%] of non-immunised children; adjusted OR 1.19,
95% CI 0.78 to 1.82). Secondary analysis also found no significant difference in the incidence of
asthma between immunised and non-immunised children with a history of infant wheezing (adjusted
OR 1.20, 95% CI 0.55 to 2.63), or with no history of infant wheezing (adjusted OR 1.05, 95% ClI
0.65 to 1.70; absolute numbers not reported).

The third cohort study, using the General Practice Research Database (GPRD) in the UK (29,238
children) assessed the incidence of asthma/wheeze and eczema following MMR immunisation. (8}
Only children without asthma, wheeze, or eczema before immunisation were included. The study
found a significant increase in the risk of asthma and eczema after MMR immunisation (asthma:
1753/16,470 children immunised over 69,602 person-years, adjusted HR 2.20, 95% CI 1.50 to
3.21; eczema: 1884/14,353 children over 59,520 person-years, adjusted HR 3.50, 95% CI 2.38 to
5.15). The difference between the groups in asthma incidence was only evident in children who
consulted their doctor less frequently. This raises the possibility that some of the children within
this very small group may have had undiagnosed asthma. Furthermore, only 1.6% of children in
the study were non-immunised, which makes the results difficult to interpret.

The first case control study carried out in New Zealand in children aged 7 to 9 years, who were
diagnosed with asthma (233 cases; 241 controls), found no significant association between MMR
immunisation and diagnosed asthma (OR 1.43, 95% C1 0.85t0 2.41). %) The authors of this report
concluded that there may be some underdiagnosis of children with asthma.

The second case control study, conducted using two separate primary care databases in the UK
(the GPRD and the Doctors' Independent Network database), compared rates of immunisation
with the MMR and DTP immunisations in children with hay fever with rates in matched controls.
7" children identified from the GPRD database (4196 pairs) were equally likely to develop hay
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fever whether or not they had been immunised with MMR, and the age at immunisation was
unimportant. However, there were some differences in the Doctors' Independent Network database
(2902 pairs). When the two were combined, the only significant finding was that children who had
their first MMR immunisation at over 24 months of age were less likely to develop hay fever com-
pared with children first immunised by 14 months of age (7098 pairs, adjusted OR 0.67, 95% CI
0.52 to 0.90; P = 0.007). Children who were not immunised with MMR were not at significantly
lower risk of developing hay fever than those immunised at 14 months old (OR 0.82, 95% CI 0.59
to 1.12).

Diabetes mellitus:

We found one population-based study of children born in Denmark between 1990 and 2000, which
used hospital records (initially inpatient only, and then all hospital attendances) to calculate the
number of children who developed type 1 diabetes mellitus, and compared the incidence of diabetes
between immunised and non-immunised children. ®® The authors stated that the use of hospital
records would account for over 90% of children with diabetes in Denmark. They found that 681
children out of 739,694 enrolled (4,720,517 person-years) had type 1 diabetes. The study found
no significant difference in the incidence of diabetes between children who had received MMR and
those who had not (RR 1.14, 95% CI 0.90 to 1.45).

Guillain—Barré syndrome:

Guillain—Barré syndrome has been reported after immunisation with measles-containing immuni-
sations. ®? In the 1994 to 1995 measles—rubella campaign in the UK, three cases of Guillain—Barré
syndrome were reported, but this is well within the expected background rate. B A retrospective
study of Finnish hospital discharges in people who developed Guillain—Barré syndrome looked at
immunisation records over a 4-year period and found no cases of Guillain—Barré syndrome within
6 weeks of immunisation. °® The shortest interval was 10 weeks, and was in a person who also
suffered an infectious iliness during this interval.

Gait disturbance:

We found one retrospective review 59" of adverse effects notification forms received in Denmark
between 1987 and 1996 and one self-controlled case series undertaken in the UK. °” The review
suggested that gait disturbance followed MMR immunisation in a small number of children (about
8 cases/100,000 doses of MMR). % The self-controlled case series (62 children aged 12-24
months) used hospital admission data in the UK to assess the risk of gait disturbance requiring
admission to hospital within 60 days of MMR immunisation. %It found no significant increase in
the incidence of gait disturbance requiring admission to hospital at 6 to 60 days after MMR immu-
nisation (RR 0.46, 95% CI 0.16 to 1.35).

Demyelinating disease:

We found one multicentre case control study undertaken in adults from HMOs in the USA (332
people aged 18—49 years with multiple sclerosis: 772 controls; 108 people with optic neuritis: 228
controls), assessing a possible association between MMR immunisation and the development of
central nervous system demyelinating disease. B 1t found no significant increase in multiple
sclerosis or optic neuritis in people who had received MMR immunisation (multiple sclerosis: OR
0.9, 95% CI 0.4 to 1.9; optic neuritis: OR 0.8, 95% CI 0.3 to 2.2).

Developmental regression or autistic spectrum disorders:

We found one non-systematic review of observational studies, one case control study (624
cases of autistic spectrum disorders), 3 one large retrospective cohort study (738 cases of
autistic spectrum disorders), 4" and four additional population surveillance studies (498 cases of
autistic spectrum disorders analysed in two studies; 951 %1 278 cases of autistic spectrum disorder
in a total birth cohort of 31,426; °”' and an estimated total population of 1.8 million immunised
people in a further study). % None of the studies found an association between the MMR immu-
nisation and autistic spectrum disorders.

[92]

The non-systematic review (search date not reported) found no causal relationship between MMR
and autism. *? The review included two large cross-sectional time series, (e8] 99 reporting that
the incidence of autism increased independently of MMR coverage. They found no association
between MMR immunisation and autism. The first cross-sectional time series was carried out
among kindergarten children in California in 1999. 8 |t looked at children born between 1980 and
1994 and immunised with MMR by 17 or 24 months, and compared these figures with autism
cases referred to the state developmental services department over the same time period (absolute
figures not reported). It found that MMR coverage at 24 months rose slightly (from 72% in 1980 to
82% in 1994; 14% proportional rise). Referral rates for new autism cases increased disproportion-
ately in the same period (from 44/100,000 live births in 1980 to 208/100,000 live births in 1994; a
373% proportional rise). The authors of the report found it difficult to attribute the large increase in

© BMJ Publishing Group Ltd 2009. All rights reserved. 10



referral rates to the small rise in immunisation rates. However, referral rates to the department may
not reflect accurately the incidence of autistic syndromes.

The second cross-sectional time series was carried out in the UK. ° It found that, during the pe-
riod between 1988 and 1993, the risk of autism among boys increased, whereas MMR coverage
remained almost constant at about 97% (AR of first diagnosis of autism aged 2-5 years: 8/100,000,
95% CI 4/100,000 to 14/100,000 for children born in 1988 v 29/100,000, 95% CI 20/100,000 to
43/100,000 for children born in 1993; 305 cases of autism over approximately 3 million person-
years at risk). [99]

The case control study (624 children with autism aged 3-10 years and 1824 age-, sex-, and school-
/region-matched controls) also found no significant association between measles immunisation
and autism (immunisation before 18 months: 70.5% for cases v 67.5% for controls; OR 1.12, 95%
C10.91t0 1.38). 3 The study assessed immunisation at certain ages and compared rates of
autism in immunised children with those in healthy, but not immunised, controls. MMR immunisation
was divided into: "on time" immunisation (before 18 months of age) compared with no immunisation
by this age; MMR immunisation before 24 months of age compared with no immunisation; and
immunisation before 36 months of age compared with no immunisation. Only the latter analysis
was significant (93% of children with autism immunised at 36 months v 91% of control children;
OR 1.49, 95% CI 1.04 to 2.14). In practice, most children receive MMR immunisation by the age
of 2 or 3 years. The apparent increase in the risk of autism in the analysis at 36 months is thought
to be an artefact resulting from the requirement for MMR immunisation of autistic children before
entering special education programmes at the age of 36 months. Non-autistic children not immunised
before the age of 2 or 3 years will generally not be immunised until they enrol in school at around
5 years of age.

The large retrospective cohort study (537,303 children born in Denmark between January 1991
and December 1998; 2,129,864 person-years' exposure) found no association between MMR im-
munisation and autistic spectrum disorders (82% of population immunised; RR of autistic disorder
in immunised v non-immunised children 0.92, 95% CI 0.68 to 1.24; RR of other autistic spectrum
disorder in immunised v non-immunised children 0.83, 95% CI 0.65 to 1.07). %4 It also found no
association between autistic spectrum disorder and age at time of immunisation (P = 0.23), time
since immunisation (P = 0.42), or calendar date of immunisation (P = 0.06). Results remained un-
changed when children with autistic disorders owing to fragile X syndrome, tuberous sclerosis,
congenital rubella syndrome, or Angelman's syndrome were included. However, it is possible that
the young age of some children at the close of the study may have biased the results against an
association. It is not possible to ascertain from the published data whether this potential bias was
allowed for.

The first population surveillance study used records at child development centres and special
schools to identify 498 children diagnosed with autism before the age of 5 years born in eight health
districts in the UK between 1979 and 1998. ! It found that the incidence of autism increased over
this period. However, there was no change in the rate after the start of the MMR immunisation
programme. Using the same methods and birth cohort, but including fewer districts (473 children
diagnosed with autism before the age of 5 years), the proportion of children with autism who had
developmental regression or bowel symptoms was assessed. O The study found no significant
increase in these conditions during this time period (P = 0.50 for developmental regression and

P = 0.47 for bowel symptoms).

The second long-term population surveillance study from Finland was based on passive reporting,
and found no cases of immunisation-related developmental regression among 1.8 million people
immunised with MMR. ®® However, events that did not result in hospital admission or were not
temporally closely associated with the immunisation may not have been reported in this study. This
would particularly apply to conditions such as autism, and so it is not possible to draw any conclu-
sions from this study about a possible link between MMR and autism spectrum disorders in either
the long or the short term.

A population study of children (total birth cohort 31,426) in Kohuko Ward in Japan examined the
numbers of children diagnosed with autistic spectrum disorder before and after changes to the
recommendations for MMR immunisation. ®” In the initial period, the combined immunisation was
recommended for all children at 1 year of age, but uptake diminished from 70% in babies born in
1988, to 2% in those born in 1992. From 1993, separate measles and rubella immunisations were
recommended, and mumps immunisation became voluntary. It was intended that at least 4 weeks
should be left between each immunisation. Approximately 90% of children have a routine health
check at 18 months of age, which includes a screen for autism. At 3 years, a further health check,
including a screen for autism, is offered. The incidence of autism continued to rise, from 48 (95%
Cl 25.0 to 71) per 10,000 children born in 1988 to 117.2 (95% CI 80 to 156) per 10,000 children
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born in 1996, despite this change in practice. The study found that the incidence of definite or
probable autism with regression did not change significantly over the study duration. The main
limitation of this study is that immunisation practice, as opposed to policy, is not recorded, either
for the total population or for those children with autistic spectrum disorder. The investigators did
not ascertain the immunisation status of the children diagnosed with autistic spectrum disorders,
and also did not report figures for the uptake of monovalent immunisations in the general population.
However, these flaws are unlikely to be sufficient to negate the conclusion that the combined MMR
immunisation is not responsible for the rise in prevalence of autistic spectrum disorder.

Inflammatory bowel disease:

We found one non-systematic review, ®? one cohort study, *® one population surveillance study,
%I one case control study, ™" and one case series. " None of the studies found an association
between MMR and inflammatory bowel disease.

[62]

The non-systematic review (search date 1998; 6 large observational studies from different resource-
rich countries) found no evidence of an association between inflammatory bowel disease and
measles immunisation (meta-analysis not performed). (2]

The retrospective cohort study compared rates of ulcerative colitis, Crohn's disease, and inflamma-
tory bowel disease (assessed by postal questionnaire) in 7616 people who had received live
monovalent measles immunisation with rates in people who had not received measles immunisation
b%/ the age of 5 years (mean age at immunisation: 17.6 months; standard deviation 7.4 months).
(o0 Participants were those available from an original population-based cohort of all 16,000 children
born in the first week of 1970 in the UK. The study found no significant difference in the risk of de-
veloping ulcerative colitis, Crohn's disease, or inflammatory bowel disease among people (aged
26 years at the time of the study) who had received monovalent measles immunisation and those
who had not, whether or not the result was adjusted for sex, socioeconomic status, or crowding
(AR for Crohn's disease: 0.25% with immunisation v 0.31% without immunisation; adjusted OR
0.7, 95% CI 0.3 to 1.6; AR for ulcerative colitis: 0.16% with immunisation v 0.27% without immuni-
sation; adjusted OR 0.6, 95% CI 0.2 to 1.6; AR for inflammatory bowel disease: 0.41% with immu-
nisation v 0.58% without immunisation; adjusted OR 0.6, 95% CI 0.3 to 1.2).

The long-term population-based passive surveillance study from Finland found no cases of inflam-
matory bowel disease associated with immunisation in 1.8 million people immunised with MMR

}/g/esk]lo were followed up for 14 years, but there are major limitations to the methods used in this study.

The case control study included 142 people in the USA with definite or probable inflammatory
bowel disease from members of four HMOs (67 people with ulcerative colitis and 75 people with
Crohn's disease). 19U cases (people with inflammatory bowel disease) were identified by comput-
erised search of electronic records and manual abstraction of medical records from 1958 to 1989
for three HMOs, and from 1979 to 1989 for the remaining one. The date of data collection is not
clear, and the potential age range was not reported; people who were not members of the HMO
between 6 months of age and disease onset were excluded. The study found that people with in-
flammatory bowel disease were no more likely to have received MMR than people without inflam-
matory bowel disease taken from the same HMO and matched for sex and year of birth (Crohn's
disease: OR 0.40, 95% CI 0.08 to 2.00; ulcerative colitis: OR 0.80, 95% CI 0.18 to 3.56; all inflam-
matory bowel disease: OR 0.59, 95% C10.21 to 1.69). "*"! The study similarly found no association
between other measles-containing immunisations and Crohn's disease, ulcerative colitis, or all in-
flammatory bowel disease. The analysis in the paper compared MMR or other measles-containing
immunisations versus no measles-containing immunisation. The other measles-containing immu-
nisations are almost certain to be the single measles immunisation, but this was not made explicit
in the paper, so it is inappropriate to comment further. The case series raised the question of a
possible relationship between MMR and developmental regression in 12 children with bowel
symptoms. 192 The series was retrospective (parents surveyed up to 8 years after immunisation),
small, lacked a control group, and was selective in its sample. The authors stated that it does not
prove a link or causal association between MMR immunisation and their postulated syndrome of
autism and enterocolitis.

Leukaemia:

We found two case control studies examining a possible link between childhood immunisations
and the development of leukaemia. (031 1% The first study of children with acute leukaemia found
that they had no significantly higher likelihood of having received MMR immunisation (measured
as number of doses administered) compared with controls (323 children plus 409 matched controls;
OR 1.06, 95% CI 0.69 to 1.63). B3 This is in keeping with the second case control study, (04
which also found no significantly higher rates of MMR immunisation in children who had acute
lymphoblastic leukaemia (RR 1.19, 95% CI 0.67 to 2.10).
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Comment:

Non-targeted infections:

We found one self-controlled case series and one population-based study. 1% For the case
series, details of MMR immunisation were ascertained for 387 children, aged 12 to 23 months,
admitted to hospital with a diagnosis of invasive bacterial infections or lobar pneumonia. Children
with a known underlying susceptibility to bacterial infection were excluded. There was no increase
in admissions in any of the three 30-day periods up to 90 days after immunisation. The odds ratio
for the whole 90-day period was 0.76 (95% CI 0.58 to 0.99). [105)

[105]

The population-based study, conducted from 1990 to 2001 in Denmark, where MMR immunisation
is usually given at 15 months of age, collected data on hospital admissions in children under 5
years old, due to non-immunisation preventable infections. There were 84,317 such admissions
in 805,206 children, with 2,900,463 person-years of follow-up. The study reported slightly higher
admission rates for upper respiratory tract infections within 14 days of MMR immunisation compared
with non-immunised children (RR 1.1, 95% CI 1.01 to 1.21). However, there was no significant
difference in admission rates for viral or bacterial pneumonia, diarrhoea, viral central nervous system
infection, bacterial meningitis, or septicaemia in the 14 days after MMR immunisation, and no
overall significant increase in admissions for any infection in immunised children compared with
non-immunised children (data presented graphically). *°

A systematic review "' considered both the effectiveness and unintended effects associated with
MMR immunisation. The reviewers identified RCTs and observational studies, but no meta-analyses
or data syntheses were performed because the studies identified used different outcomes, which
were often poorly defined, and had different time spans. The studies were generally considered to
have used flawed methods. When those studies with the lowest risk of systematic error alone were
considered, there appeared to be a reduction in upper respiratory tract infections, but an increase
in febrile convulsions in the first 2 weeks after MMR immunisation compared with no immunisation
or placebo. However, these studies found no evidence of an increase in aseptic meningitis with
the Jeryl-Lynn-strain mumps immunisation, and no evidence of a causal association between MMR
immunisation and Crohn's disease, ulcerative colitis, or autism. The review was unable to identify
any studies assessing the effectiveness of MMR that fulfilled the review's inclusion criteria. We
consider that the inclusion criteria were too limited; for example, only studies comparing MMR with
no immunisation or placebo were included for effectiveness, many studies were criticised for not
stating exactly which brand of MMR was used, and an early self-controlled case series %8 was
excluded.

We have included many of the excluded articles in our discussion. The excluded self-controlled
case series used linked immunisation and hospital admission data for 1285 children aged 12 to 24
months admitted with febrile convulsions, non-bacterial meningitis, or idiopathic thrombocytopenic
purpura in five district health authorities in England. The study found an absolute attributable risk
of febrile convulsions 6 to 11 days after immunisation of 1 per 3000 doses, an increased risk of
febrile convulsions 15 to 35 days after immunisation only with the Urabe mumps immunisation,
and an increased risk of idiopathic thrombocytopenic gurpura 15 to 35 days after immunisation at
a rate of 1 per 24,000 doses of MMR immunisation. (108]

Benefits:

RCTs comparing the clinical effects of MMR or monovalent immunisation versus no immunisation
or placebo are now deemed unethical because of the existing evidence of the high protective effi-
cacy of measles-containing immunisations, and the harms associated with naturally acquired
measles, mumps, and rubella.

Cohort studies of measles antibody levels after MMR or monovalent measles immunisation:
One prospective cohort study (621 children from 1 HMO in rural Wisconsin, USA) followed two
groups of children: those who received their second dose of MMR immunisation aged 4t0 6 (MMR1),
and those who received their second dose aged 10 to 12 years old (MMR2). ™* The intention
was to observe the pattern of antibody levels over the time, in the absence of natural boosting, so
children who lived in a household with a case of measles, mumps, or rubella were excluded, as
were those who were immunosuppressed.

The study reported that 154/312 children in the MMR1 group and 210/319 children in the MMR2
group were followed up and had blood taken at 15 years of age — 10 years after immunisation for
MMR1 and 5 years after immunisation for MMR2 — as well as at younger ages. No child was
seronegative (measles antibodies of <8 mlU/mL) at follow-up; however, at 15 years of age, nine
children in each group had low antibody levels (8—120 mIlU/mL), indicating susceptibility to infection.
At 15 years of age, there was no significant difference in the geometric mean titres (GMT) between
the two groups (641 mIU/mL in MMR1 v 737 mlU/mL in MMR2; P = 0.29). There was a trend for
antibody levels to fall, and the authors suggested that the proportion potentially susceptible to
measles would reach 33% by 20 years after MMR2, but the proportion seronegative (GMT
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<8 mlU/mL) would not reach 1% until 30 years after MMR2. (0] Follow-up rates in this study were
low, with only 59% of children enrolled returning for their second blood sample at age 15 years.

Population-based studies of measles mortality after MMR or monovalent measles immuni-
sation:

We found one low-quality systematic review (search date not reported; 10 retrospective cohort
studies; 2 case control studies), which found that live monovalent measles immunisation in seven
resource-poor countries reduced all-cause mortality in immunised children b%/ 30% to 80% compared
with non-immunised children, depending on follow-up period and country. M9 However, the results
of the review should be interpreted with caution. The review included studies that did not account
for potential confounders between immunised and non-immunised groups, such as age, sex, area,
and literacy. The review attempted to adjust for selection bias of immunised children (who would
potentially receive better health care) by looking at DTP immunisation status. However, this was
documented in only a limited number of studies. Immunisation efficacy rates were only significant
in five studies that looked at immunised and non-immunised children in the same community (effi-
cacy 40-86%). '

Harms:

Results of studies assessing fever in children immunised against measles should be interpreted
in light of the very high prevalence of acute fever in children with measles infection. *¥ 4 112
A large proportion of the literature on adverse events after immunisation is based on passive re-
porting, albeit enhanced. ) This has major limitations. Events may be under-reported, and yet
events that are reported may not be linked to the intervention. For example, a case series postulated
a possible causal association between MMR and a syndrome of autism and enterocolitis, despite
no evidence being found to prove this association. "¢ Such studies can flag up issues for further
investigation, but cannot be used as definitive evidence either of size of risk or even causal asso-
ciation, because they are only generating hypothesis.

Clinical guide:

The use of MMR rather than monovalent measles, mumps, and rubella immunisations provides
earlier protection against all three diseases. Use of single immunisations also requires more injec-
tions over a longer period of time, which may lower uptake rates. Decreased use of MMR immuni-
sation leads to a concomitant increase in the pool of individuals susceptible to measles, mumps,
and rubella in the community. This results in an increase in transmission of the respective viruses
and, therefore, a higher prevalence of all three diseases and their resulting complications. There
is less evidence on the safety and efficacy of the immunisations given in a staged manner during
early childhood than there is for the combined MMR.

OPTION MMR VERSUS MONOVALENT MEASLES IMMUNISATION

Treatment effectiveness (clinical cases; rates of seroconversion)

MMR compared with monovalent measles immunisation We found insufficient evidence from three RCTs on whether
MMR and monovalent measles immunisation differ in effectiveness in increasing seroconversion rates. We found
no evidence comparing the clinical effects of MMR and monovalent measles immunisation.

Benefits:

Harms:

We found no systematic review or RCTs comparing the clinical effects of MMR versus monovalent
immunisation. We found three RCTs comparing rates of measles seroconversion after live MMR
(Schwarz measles plus Urabe Am9 mumps plus RA 27/3 rubella) versus Schwarz-strain monovalent
measles immunisation. 2 ¥ 4 The first RCT (420 children with no clinical history of measles
or mumps; mean age about 15 months) found similar seroconversion rates in both groups after 6
weeks (93% with MMR v 97% with monovalent immunisation). ™ The second RCT (319 children;
mean age 13 months) also found similar seroconversion rates in both groups at 6 weeks (93% with
MMR v 92% with Schwarz-strain monovalent measles immunisation). “** The third RCT (502
children aged 15 months—4 years) also assessed seroconversion rates. It compared seven inter-
ventions: monovalent measles (Moraten strain); monovalent mumps (Jeryl-Lynn strain); monovalent
rubella (RA 27/3 strain); monovalent rubella (HPV-77:DE-5 strain); MMR containing Moraten
measles plus Jeryl-Lynn mumps plus RA 27/3 rubella; MMR containing Moraten measles plus
Jeryl-Lynn mumps plus HPV-77:DE-5 rubella; and placebo. The RCT found similar measles sero-
conversion rates with monovalent measles immunisation and both MMR immunisations (99% with
either MMR v 100% with monovalent immunisation; significance assessment not reported). (4

The first RCT found no significant difference in the proportion of children with fever between MMR
and monovalent measles immunisation (38% with MMR v 38% with monovalent immunisation;

P >0.05). ™ In the second RCT, there were similar rates of fever (34% with MMR v 29% with
monovalent immunisation; significance assessment not reported), irritability (67% with MMR v 71%
with monovalent immunisation; significance assessment not reported), and rash (41% in both
groups; significance assessment not reported) between MMR and monovalent immunisation up
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to 3 weeks after immunisation. Both MMR and monovalent immunisation were associated with
lymphadenopathy (2% with MMR v 1% with monovalent immunisation; significance assessment
not reported), and 1% of children who received MMR had parotitis compared with none who received
monovalent immunisation. *** The third RCT assessed adverse effects in children with serocon-
version, and found that a similar proportion of children receiving monovalent measles and either
MMR had fever (36% with MMR containing rubella RA 27/3 v 30% with MMR containing rubella
HPV-77:DE-5 v 33% with monovalent immunisation; significance assessment not reported). 4]
Rates of local reactions, rash, respiratory symptoms, lymphadenopathy, and sore eyes tended to
be higher with MMR immunisations. All RCTs are likely to have been underpowered to detect other
clinically important adverse effects.

We found two observational studies companng the incidence of autism following monovalent
measles immunisation versus MMR. ***1" €1 Both studies had flaws in their methods, meaning
we were unable to draw conclusions about the effects of monovalent or MMR immunisations on
the risk of autism. The case control study included small numbers (21 cases and 42 controls) and
there was a low re 5ﬁ)onse rate from the parents of children in the control group (58%), which may
have led to bias. ™ The other observational study recruited members of a parent s organisation,
and conducted a time-trend analysis in people with autism aged 6 to 40 years. 018 The analysis
was made at a single point in time, regardless of the age of the participants. It is likely that the
characteristics of the older members of the group would be different from the younger ones, which
makes a time-trend analysis difficult to interpret. The inclusion of a self-selected group of people
also makes the results subject to bias.

Comment: The third RCT compared monovalent measles, mumps, and rubella immunisations versus the
MMR, and is reported separately in all relevant options. ***

Measles risk after seroconversion:

One systematic review (search date 1995; 6 cohort studies of live immunisation) examined risk of
measles infection at least 21 days after immunisation-induced seroconversion (monovalent or
polyvalent immunisation). 7 When cross- checking immunisation status against medical records,
it found that the incidence of clinical measles infection in children who had seroconverted after
immunisation was zero (0 infections from 2061 people exposed; 0%, 95% Cl 0% to 0.147%).

(olU/SS3N[6]VIll \What are the effects of mumps immunisation?

OPTION MONOVALENT MUMPS IMMUNISATION OR COMBINED MMR IMMUNISATION

Treatment effectiveness (clinical cases; rates of seroconversion)
Compared with placebo or no immunisation Two RCTs, observational studies, and several population-based studies
found consistent evidence that mumps immunisation (MMR or monovalent) reduced the incidence of mumps infection.

Adverse effects

Compared with placebo or no immunisation One RCT, cohort studies, and population-based studies have found that
MMR immunisation was associated with increased rates of fever and febrile seizures, although febrile seizures were
rare, and there was no evidence of increased rates of afebrile seizures. Observational studies found that MMR
containing some immunisation virus strains was associated with an increased risk of aseptic meningitis, and MMR
immunisation was also associated with an increased risk of idiopathic thrombocytopenic purpura and arthralgia.
Observational studies found no evidence of an association between MMR immunisation and the risks of developing
asthma, type 1 diabetes, Guillain—Barré syndrome, gait disturbance, multiple sclerosis, optic neuritis, autism or
autistic spectrum disorders, leukaemia, or inflammatory bowel disease. Anaphylaxis has been reported after immu-
nisation with MMR, but this is rare.

Note:

RCTs using a control group receiving no immunisation or placebo are now deemed unethical because of the existing
evidence of the efficacy of MMR, and because of the potential harms associated with naturally acquired measles,
mumps, or rubella infection. Mumps can cause neurological problems and hearing loss, orchitis, and pancreatitis.

Benefits: RCTs of mumps incidence after MMR or monovalent immunisation:
We found no systematic review. We found no RCTs comparing the clinical effects of MMR versus
no immunisation or placebo. We found two RCTs com arln? monovalent mumps immunisation
versus placebo, reported in four papers. ¢ 19 1200 B2 goih RCTs found that monovalent
mumps immunisation reduced the incidence of mumps. The first RCT (open-label design; conducted
in the USA in 1965) followed 3924 children for 5 months. **¥ ™! Children were allocated to live
immunisation (Jeryl-Lynn strain; 2965 children) or saline (329 children). The RCT found that mumps
incidence was about 21 to 23 times greater in children receiving placebo than in immunised children.
Immunisation efficacy was estimated to be 96% during this time. However, the number of immunised
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and non-immunised children at risk of developing mumps was estimated by extrapolatlon of sero-
logical data from the study, rather than by observation of development of disease. (i8] Qe

The second RCT (conducted between 1965 and 1966 in the USA) followed 867 children for 5 to 9
months. " 2! Children were allocated to live immunisation (Jeryl-Lynn strain; 362 children) or
no immunisation (505 children). The RCT found that mumps incidence was much lower in immunised
compared with non- |mmun|sed children (2% with mumps immunisation v 61% with no immunisation;
significance not assessed) I Immunisation protective efficacy was 97%. When the study duration
was extended and the study population included families and contacts, the overall protective effi-
cacy of mumps immunisation was at least 95%.

Population-based studies of mumps incidence after MMR or monovalent immunisation:
There are numerous population-based studies evaluating the effects of MMR immunisation on
mumps incidence, and we report four representative studies from the UK and the USA below.
(23 124l 1251 A population-based surveillance report from the USA showed a 99% reduction in
cases of mumps in 1993 compared with 1968, when the mumps immunisation was first licensed.
(22 Similarly, a population-based surveillance study in the UK found that, following the introduction
of MMR into the routine childhood immunisation schedule in 1988, mumps cases decreased by
79% over 2 years. " In subsequent years, mumps incidence reduced further, with a 92% reduction
in hospital admissions related to mumps. > However, the number of confirmed mumps cases
increased to about 8000 cases in 2004, compared with 3907 cases in the previous 5 years. "
This was predicted by seroprevalence studies in 1993, which showed that certain cohorts remained
susceptible to mumps infection because they were less likely to have been exposed to natural in-
fection (following high uptake of MMR when routine immunisation began). "*? ***! Those consid-
ered to be at particularly high risk of developing mumps were people who were too old to have re-
ceived two doses of MMR in the routine schedule, and people too young to have been exposed to
natural infection. Confirmed cases have been mainly in older teenagers and young adults (born
between 1982 and 1990). **

[122]

Outbreak analyses of mumps incidence after MMR or monovalent immunisation:
Outbreak studies have found lower mumps immunisation efficacy than reported by RCTSs.
[127]

For example, we found one case control study (188 cases; 245 controls; assessed using
provider verified records) undertaken during a 1986 outbreak of mumps in Tennessee, USA. (126)
It found that overall mumps immunisation efficacy was 74% (95% CI 5% to 84%). (128 The type of
immunisation used was not specified, although MMR was widely available in the USA at this time.
Another case control study (161 cases; 192 controls; undertaken during the 1998 to 1999 outbreak
of mumps in the UK) found that 50% of the identified cases and 77% of the controls had a history
of at least one MMR immunisation. Immunisation effectiveness of any MMR immunisation adjusted
for age, sex, and general practice was 69% (95% CIl 41% to 84%). 27 Outbreak studies may un-
derestimate immunisation effectiveness, because disease transmission rates during the outbreak
may be higher than those in the general population. However, immunisation failure may also account
for the lower efficacy rates seen in some of these analyses.

[126]

Studies of mortality after MMR or monovalent immunisation:

We found no studies assessing mortality due to mumps in children who had received MMR or
monovalent immunisation. Mortality due to mumps is rare and it would require large studies to detect
an effect.

Harms: For harms of MMR immunisation see monovalent measles immunisation or combined MMR immu-
nisation versus placebo or no immunisation, p 4 .

Comment: RCTs comparing the clinical effects of MMR immunisation versus no immunisation or placebo are
deemed unethical because of the existing evidence of the high protective efficacy of the MMR im-
munisation and the harms associated with naturally acquired measles, mumps, and rubella. It is
unclear whether all strains of mumps immunisation have equivalent immunisation efficacy.

Comparative efficacy of strains of mumps immunisation:

An outbreak study in Singapore (5072 children; 4145 immunised; 614 non-immunised; and 313
unknown immunisation status) found that the overall attack rate was 4.8% in the immunised group
compared with 5.7% in the non-immunised group. (281 \When different strains of mumps immunisation
were compared, the immunisation efficacy of the Jeryl-Lynn strain was greater than for the Urabe
strain, whereas the Rubini strain did not seem to offer any protection against mumps infection
(Jeryl-Lynn: 711 children with 8 cases of mumps, immunisation efficacy 80.7%; Urabe: 190 children
with 5 cases of mumps, immunisation efficacy 54.4%; Rubini: 1694 children with 150 cases of
mumps, immunisation efficacy —55.3%, 95% CIl —121.8% to —8.8%; other confidence intervals or
P values not reported). A total of 235 children developed mumps in this outbreak, 200 of whom
had been previously immunised. However, it should be noted that the strain of immunisation was
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not documented in 1550/4145 (37%2) of the immunised children. There were 614 non-immunised
children, 35 of whom had mumps. (28] \We have not systematically searched for studies assessing
the comparative efficacy of different mumps immunisation strains. However, the Rubini strain of
mumps immunisation was widely used throughout Asian countries, Switzerland, Spain, and Italy
in the 1990s, and is still in use in some countries, but to a lesser extent.

OPTION MMR VERSUS MONOVALENT MUMPS IMMUNISATION

Treatment effectiveness (clinical cases; rates of seroconversion)

MMR compared with monovalent mumps immunisation We found insufficient evidence from one RCT on whether
MMR and monovalent mumps immunisation differ in effectiveness in increasing seroconversion rates. We found no
evidence comparing the clinical effects of MMR and monovalent mumps immunisation.

Benefits: We found no systematic review or RCTs comparing the clinical effects of MMR versus monovalent
immunisation. We found one RCT (502 children aged 15 months to 4 years) comparing serocon-
version rates of monovalent measles (Moraten strain), monovalent mumps (Jeryl-Lynn strain), or
monovalent rubella (both RA 27/3 and HPV-77:DE-5 strains) versus seroconversion rates of their
trivalent MMR counterparts (MMR containing Moraten measles plus Jeryl-Lynn mumps plus RA
27/3 rubella or MMR containing Moraten measles plus Jeryl-Lynn mumps plus HPV-77:DE-5
rubella). ™ The RCT found similar mumps seroconversion rates with monovalent mumps immu-
nisation and both MMR immunisation (89% with monovalent mumps v 89% with MMR containing
rubella RA 27/3 v 90% with MMR containing HPV-77:DE-5 rubella; significance assessment not
reported).

Harms: The RCT assessed adverse effects in children with seroconversion, and found that fewer children
receiving monovalent mumps than MMR immunisation had rash (2% with monovalent mumps v
17% with MMR containing rubella RA 27/3 v 20% with MMR containing rubella HPV-77:DE-5 im-
munisations) or fever (22% with monovalent mumps v 36% with MMR containing rubella RA 27/3
v 30% with MMR containing rubella HPV-77:DE-5 immunisations). *** However, it found that more
children having monovalent mumps immunisation had local reactions (14% with monovalent mumps
v 8% with MMR containing rubella RA 27/3 v 5% with MMR containing rubella HPV-77:DE-5 immu-
nisations; significance not reported for either outcome). It found similar rates of respiratory symptoms,
lymphadenopathy, and sore eyes. The RCT is likely to have been underpowered to detect other
clinically important adverse effects.

Comment: The RCT compared monovalent measles, mumps, and rubella immunisations versus MMR immu-
. . . . . 114
nisation and is reported separately in all relevant options. 14" See also comment on Monovalent
measles immunisation or combined MMR immunisation versus placebo or no immunisation, p 4

[e]UISSy [0\l \What are the effects of rubella immunisation?

OPTION MONOVALENT RUBELLA IMMUNISATION OR COMBINED MMR IMMUNISATION

Treatment effectiveness (clinical cases; rates of seroconversion)

Compared with placebo or no immunisation Two RCTs, population-based surveillance studies, and other observa-
tional studies in a range of different countries, found consistent evidence that rubella immunisation (MMR or mono-
valent) reduced the incidence of rubella infection.

Adverse effects

Compared with placebo or no immunisation One RCT, cohort studies, and population-based studies have found that
MMR immunisation was associated with increased rates of fever and febrile seizures, although febrile seizures were
rare, and there was no evidence of increased rates of afebrile seizures. Observational studies found that MMR
containing some immunisation virus strains was associated with an increased risk of aseptic meningitis, and MMR
immunisation was also associated with an increased risk of idiopathic thrombocytopenic purpura and arthralgia.
Observational studies found no evidence of an association between MMR immunisation and the risks of developing
asthma, type 1 diabetes, Guillain—Barré syndrome, gait disturbance, multiple sclerosis, optic neuritis, autism or
autistic spectrum disorders, leukaemia, or inflammatory bowel disease. Anaphylaxis has been reported after immu-
nisation with MMR, but this is rare.

Note:

RCTs using a control group receiving no immunisation or placebo are now deemed unethical, because of the existing
evidence of efficacy of the MMR immunisation, and because of the potential harms associated with naturally acquired
measles, mumps, or rubella infection. Rubella infection is usually mild, but can lead to fetal death or severe congen-
ital abnormalities if contracted in early pregnancy.
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Benefits: RCTs of rubella in people receiving MMR or monovalent rubella immunisation versus
placebo:
We found no systematic review, but found one RCT conducted in Taiwan in 1968, 2% and one
RCT conducted in Japan in 1969. 3% The first RCT followed 11,670 primary-school children for
about 1 year during a rubella outbreak in Kaohsiung, Taiwan. 129 The RCT compared six interven-
tions: MMR containing HPV-77-GMK rubella strain (measles and mumps strains not reported; 186
children); monovalent rubella immunisations (HPV-77-GMK [183 children]; HPV-77 DECC [187
children]; and RA 27/3 [198 children]); placebo (using either monovalent measles or mumps immu-
nisation [276 children]); and no immunisation (4420 boys; 5578 girls). (22l Only male children were
immunised. The RCT found that fewer children receiving immunisation (MMR or any strain of
monovalent rubella) developed rubella compared with children receiving placebo or no immunisation
(0.5% with MMR, rubella HPV-77 DECC, and rubella RA 27/3; 0% with rubella HPV-77-GMK; 13%
with measles placebo; 17% with mumps placebo; 13% of males with no immunisation; 16% of fe-
males with no immunisation).

The second RCT conducted during an outbreak in Japan (385 male students aged 16-18 years)
compared RA 27/3 rubella immunisation (86 students) versus no immunisation (299 students). **”
During the first 2 weeks after immunisation, the rates of clinical rubella were similar in both groups.
However, of those 85 people who were seronegative at the time of immunisation, significantly
fewer immunised students developed rubella more than 14 days after immunisation compared with
non-immunised students (0/24 [0%)] with immunisation v 41/61 [67%)] with no immunisation;

P <0.001).

Population-based surveillance studies of rubella and congenital rubella syndrome incidence
after MMR or monovalent rubella immunisation:

We found seven studies undertaken in the USA, Australia, and Europe.
(136 11371 1138 passive population surveillance found that, with the decrease in the incidence of
rubella in the USA after an effective childhood MMR immunisation programme, the number of infants
born with congenital rubella syndrome (CRS) declined from 20 to 70 annual cases in the 1970s to
only two annual cases by 1985. 134 1n the late 1960s, only school-aged American children were
immunised, and this had less effect in people older than 15 years, 10% to 20% of whom remained
susceptible to rubella infection. This susceptibility was similar to preimmunisation years, and CRS
continued to occur at an endemic level of an annual average of 32 cases between 1971 and 1977.
With increased efforts to immunise high-school students and younger adults in the late 1970s in
the USA, together with the introduction of MMR for routine use in young children, there was a rapid
decrease in incidence of rubella in postpubertal age groups, resulting in a dramatic decrease in
CRS. Figures obtained between 1996 and 2004 show a declining trend in the annual number of
rubella cases recorded in the USA (23 in 2001; 18 in 2002; 7 in 2003; and 9 in 2004), and that 50%
of these cases occurred in people born outside the USA. 1321 Moreover, between 2001 and 2004,
the time between reported cases increased, and each state and major city in the USA had at least
1 year during which no cases of rubella were identified. "*” Five cases of CRS were reported be-
tween 2001 and 2004: three born in 2001; one in 2003; and one in 2004. Four in five mothers with
CRS babies were born in countries outside of the USA. The epidemiological evidence strongly
suggests that endemic transmission of rubella has been absent in the USA since 2001. 137" 0One
retrospective study of hospital records in Australia in 2000 (65,227 people) found that significantly
more women born overseas were seronegative for rubella, and therefore at risk of having children
with CRS. ** In Sweden, a universal two-dose MMR immunisation regimen was introduced in
1982, and over 90% coverage was achieved. "** Before this, in 1973, immunisation of 12-year-
old girls against rubella had been introduced. Population surveillance found that the proportion of
seronegative pregnant women reduced from 12% in 1975 to just below 2% in 1994. Before 1974,
14 cases of CRS were reported annually; since 1985, no cases have been reported. 134 However,
population surveillance suggests that the incidence of rubella in the European region remains high,
with a large number of cases reported from the Russian Federation (125,187 cases) and Romania
(120,377) in 2003. "**! Between 2001 and 2003, 47 cases of CRS were reported, one third of which
were from Romania, which experienced a large rubella outbreak in 2003 with over 115,000 reported
cases. Romania did not have universal MMR immunisation at this time, although immunisation
campaigns targeting school-aged girls began in 1998. (135 Rubella outbreaks also occur in non-
immunised pockets. In 2004, in a Dutch religious community, there were 387 serologically confirmed
cases of rubella, 29 of which were pregnant women. ** By 2005, eight of the 16 children born
out of these pregnancies had evidence of active infection. Three babies were born with multiple
congenital deformities, and one baby had isolated auditory defects. In early 2005, it was noted that
the outbreak had spread to Canada, to a community with religious and social links to the aforemen-
tioned Dutch religious community. sl

[131] [132] [133] [134] [135]

Outbreak analyses of rubella and CRS incidence after MMR or monovalent immunisation:

We found two analyses. (39 1991 1 Greece, immunisation of children aged 1 year with MMR was

introduced in the mid-1970s, without any policies to attain high immunisation coverage or specifi-
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cally to protect adolescents and young women. 139 | mmunisation coverage in the late 1970s and
1980s remained consistently below 50%, and did not reach 50% to 60% before 1990. A major
rubella epidemic in 1993 affected women of childbearing age at a higher rate compared with previous
epidemics, showing a shift in the age of those infected. In the following year, 25 babies with CRS
were admitted to hospital (24.6 cases/100,000 live births); seven of whom died. [39]

An outbreak of rubella in Brazil between 1999 and 2000 predominantly affected adolescents and
young adults (age group 12-19 years compared with age group 1-4 years: RR of disease 3.7,
95% CI 2.4 to 5.8), resulting in 391 serologically confirmed rubella cases. Active surveillance was
carried out for CRS in infants of women with confirmed rubella, and five infants with CRS were
identified. In four cases, the mother had been infected in the first trimester of pregnancy. ™*° Al-
though Brazil had used routine childhood rubella immunisation in 1992, it was introduced in a
phased manner (state by state). Rubella immunisation targeting children aged 1 to 11 years old
was introduced in April 2000 in the state where the outbreak occurred, in the same month in which
the epidemic began.

Harms: For harms of MMR immunisation see monovalent measles immunisation or combined MMR immu-
nisation versus placebo or no immunisation, p 4 .

Comment: See comment on monovalent measles immunisation or combined MMR immunisation versus
placebo or no immunisation, p 4 .

OPTION MMR VERSUS MONOVALENT RUBELLA IMMUNISATION

Treatment effectiveness (clinical cases; rates of seroconversion)

MMR compared with monovalent rubella immunisation We found insufficient evidence from one RCT on whether
MMR and monovalent rubella immunisation differ in effectiveness in increasing seroconversion rates. We found no
evidence comparing the clinical effects of MMR and monovalent rubella immunisation.

Benefits: We found no systematic review or RCTs comparing the clinical effects of MMR versus monovalent
rubella immunisation. We found one RCT (502 children aged 15 months to 4 years) comparing
seroconversion rates of monovalent measles (Moraten strain), monovalent mumps (Jeryl-Lynn
strain), or monovalent rubella (both RA 27/3 and HPV-77:DE-5 strains) versus seroconversion
rates of their trivalent MMR counterpart (MMR containing Moraten measles plus Jeryl-Lynn mumps
plus RA 27/3 rubella or MMR containing Moraten measles plus Jeryl-Lynn mumps plus HPV-77:DE5
rubella). 14 The RCT found similar rubella seroconversion rates with monovalent rubella immuni-
sations and both MMR immunisations (100% with monovalent rubella RA 27/3 v 95% with mono-
valent rubella HPV-77:DE-5 v 100% with MMR containing rubella RA 27/3 v 99% with MMR con-
taining rubella HPV-77:DE-5; significance assessment not reported).

Harms: The RCT assessed adverse effects in children with seroconversion, and found that fewer children
receiving monovalent rubella than MMR immunisation had arthritis or arthralgia (0% with monovalent
rubella v 0.7% with either MMR immunisation; significance not reported). “** The RCT reported
that the early onset of arthralgia in the two children receiving MMR suggests it was unrelated to
immunisation. "** The RCT also found that fewer children having monovalent rubella immunisation
than MMR had fever (28% with monovalent rubella RA 27/3 v 19% with monovalent rubella HPV-
77:DE-5 v 36% with MMR containing rubella RA 27/3 v 30% with MMR containing rubella HPV-
77:DE-5 immunisations) and rash (11-13% with monovalent immunisation v 17-20% with MMR;
significance not reported). More children receiving MMR containing RA 27/3 rubella had lym-
phadenopathy (8% with MMR containing RA 27/3 v 4% with other rubella immunisations). There
were similar rates of local reactions, respiratory symptoms, and sore eyes between monovalent
rubella immunisation and MMR immunisation. The RCT is likely to have been underpowered to
detect other clinically important adverse effects.

Comment: The RCT compared monovalent measles, mumps, and rubella immunisations versus MMR immu-
. . . . . 114
nisation and is reported separately in all relevant options. 114 See also comment on monovalent
measles immunisation or combined MMR immunisation versus placebo or no immunisation, p 4

Developmental regression is defined as loss of acquired developmental skills.

Seroconversion Development in the blood of specific antibody to the infective agent. Seroconversion is a proxy for
clinical efficacy.

Yellow cards A passive reporting system, in which a health professional becomes aware of a significant adverse
event after a medication has been given and reports this to the UK Committee on Safety of Medicines using a spe-
cific yellow card.
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Autistic spectrum disorders are defined by early onset (diagnosed at <36 months) of difficulties in social reciprocity
and communication as well as restrictive, repetitive behaviour. The disorders include autistic disorder, childhood
disintegrative disorder, Rett's syndrome, and Asperger's disorder.

Case crossover study is in effect the same as a self-controlled case series, in which each person serves as his or
her own control.

Combined measles, mumps, and rubella (MMR) immunisation Immunisation with components that aim to raise
immunity to measles, mumps, and rubella infections. Contains live attenuated measles virus (Schwarz strain).

DTP Diphtheria, tetanus, and pertussis combined immunisation.

Health maintenance organisation (HMO) These are medical centres in the USA that have primary, secondary,
and tertiary medical-care facilities and are generally funded by private healthcare insurance. The relevance of HMOs
is their participation in the Vaccine Safety Datalink (VSD) project set up by the Centers for Disease Control and
Prevention (CDC) in 1991. This project links medical event information, immunisation history, and selected demo-
graphic information from the computerised databases of four staff HMOs: Group Health Co-operative of Puget Sound
in Seattle, Kaiser Permanente Northwest in Portland, Kaiser Permanente Medical Care Program of North California
in Oakland, and Southern California Kaiser Permanente in Los Angeles.

Herd immunity Background level of immunity in the community. A high level of herd immunity reduces the risk of
infection even in non-immune individuals, because there is no pool of at-risk individuals who may transmit the infectious
agent.

Immunisation coverage Prevalence of immunisation in the community.

Immunisation efficacy An estimate of the proportional reduction in cases associated with the use of an immunisation.
Efficacy % = (1 — [attack rate in immunised/attack rate in non-immunised] x 100).

Self-controlled case series A case series in which people act as their own controls by comparing event rates
within a defined time period of exposure with earlier, later, or both periods. 571

Monovalent measles immunisation or combined MMR immunisation versus placebo or no immunisation:
Three self-controlled case series added to harms, which found increased rates of febrile convulsions, idiopathic
thrombocytopenic purpura (ITP), fever, rash, and diarrhoea after MMR immunisation. One self-controlled case series
added to harms, which found no cases of aseptic meningitis after MMR immunisation containing RIT 4385 mumps
immunisation strain. Categorised as Beneficial.

Monovalent rubella immunisation or combined MMR immunisation versus placebo or no immunisation: One
population-based study added to benefits, which found that endemic cases of rubella were rare in the USA between
2001 and 2004. One case study added to benefits, reporting an outbreak of rubella in a non-immunised community.
Categorised as Beneficial.

1.  Richardson M, Elliman D, MaGuire H, et al. Evidence base of incubation periods, =~ 19. Farrington CP. Subacute sclerosing panencephalitis in England and Wales:
periods of infectiousness and exclusion policies for the control of communicable transient effects and risk estimates. Stat Med 1991;10:1733-1744.[PubMed]
diseases in schools and preschools. Pediatr Infect Dis J 20. Atkinson WL, Hadler SC, Redd SB, et al. Measles surveillance: United States,
2001;20:380-391.[PubMed] 1991. MMWR Morb Mortal Wkly Rep 1992;41:1-12.[PubMed]

2. Falk WA, Buchan K, Dow M, et al. The epidemiology of mumps in southern Al- - 27 MMWR Current Trends Measles. United States, 1989 and first 20 weeks of 1990.
berta, 1980-1982. Am J Epidemiol 1989;130:736-749. [PubMed] MMWR Morb Mortal WKly Rep 1990;39:353-363.[PubMed]

3. Wolfson L, Strebel PM, Gacic-Dobo M, et al. Has the 2005 measles mortality 22 Centers for Disease Control (CDC). Measles: United States, 1990. MMWR Morb
reduction goal been achieved? A natural history modelling study. Lancet Mortal WKly Rep 1991;40:369-372.[PubMed]

2007;369:191_200'[_PU?MEd] o 23. Siegel M, Fuerst HT. Low birth weight and maternal virus diseases. JAMA
4. World Health Organization. Reported measles incidence rate per 100,000 popu- 1966;197:680—684.[PubMed]

lation, 2003. Available at http://www.who.int/vaccines-surveillance/graph-
ics/htmls/meainc.htm (last accessed 3 November 2009).

5.  Centers for Disease Control and Prevention. Epidemiology and prevention of
vaccine-preventable diseases. Atlanta: CDC, 2000.

24. Siegel M. Congenital malformations following chickenpox, measles, mumps and
hepatitis. Results of a cohort study. JAMA 1973;226:1521-1524.[PubMed)]

25. van den Hoof S, Conyn-van Spaendonck MA, van Steenbergen JE. Measles
epidemic in the Netherlands, 1999-2000. J Infect Dis

6.  Peltola H, Heinonen P, Valle M, et al. The elimination of indigenous measles, 2002;186:1483-1486.[PubMed]
mumps and rubella from Finland by a 12-year, two-dose vaccination program. . .
N Engl J Med 1994;331:1397-1402.[PubMed] 26. _GravaM, He_mn IM’, Glass S etal. Morta!ny and morvbldlty caused by measles
T o in children with malignant disease attending four major treatment centres: a ret-
7. Peltola H, Davidkin I, Valle M, et al. No measles in Finland. Lancet rospective review. BMJ 1987;295:19-22.[PubMed]

1997;350:1364-1365 [PubMed] 27. Kernahan J, McQuillin J, Craft AW. Measles in children who have malignant

8.  de Quadros CA, Olive J, Hersh BS, et al. Measles elimination in the Americas. disease. BMJ 1987;295:15-18.[PubMed]
Evolvi ies. JAMA 1 ;275:224-229.[PubMed - .
voving s.trategles J ?%f 5 . 9. u ed] . 28. World Health Organization. Child and adolescent health and development.
9. Pan American Health Organization. Surveillance in the Americas. Wkly Bull Available at http://www.who.int/child-adolescent-
1995;1. health/OVERVIEW/Child_Health/child_epidemiology.htm (last accessed 3
10. Galbraith NS, Young SE, Pusey JJ, et al. Mumps surveillance in England and November 2009).
Wales 1962-81. Lancet 1984;1:91-94.[PubMed] 29. Anon. Virus meningitis and encephalitis 1978-82. BMJ
11. Morgan-Capner P, Wright J, Miller CL, et al. Surveillance of antibody to measles, 1985;290:921-922.[PubMed]
mumps, and rubella by age. BMJ 1988;297:770-772.[PubMed] 30. Levitt LP, Rich TA, Kinde SW, et al. Central nervous system mumps. A review
12. Health Protection Agency website. Available at http://www.hpa.org.uk/infec- of 64 cases. Neurology 1970;20:829-834.[PubMed]
tions/topics_az/mumps/data_not_age.htm (last accessed 3 November 2009). 31.  Koskiniemi M, Donner M, Pettay O. Clinical appearance and outcome in mumps
13. Fry J, Dillane JB, Fry L. Rubella, 1962. BMJ 1962;2:833-834. encephalitis in children. Acta Paediatr Scand 1983;72:603—-609.[PubMed]
14. Cockburn WC. World aspects of the epidemiology of rubella. Am J Dis Child 32. Garty BZ, Danon YL, Nitzan M. Hearing loss due to mumps. Arch Dis Child
1969;118:112-122.[PubMed] 1988;63:105-106.[PubMed]
15. Pabst HF, Spady DW, Marusyk RG, et al. Reduced measles immunity in infants 33. Beard CM, Benson RC, Kelalis PP, et al. The incidence and outcome of mumps
in a well-vaccinated population. Pediatr Infect Dis J 1992;11:525-529.[PubMed] orchitis in Rochester, Minnesota, 1935 to 1974. Mayo Clin Proc
16. Brugha R, Ramsay M, Forsey T, et al. A study of maternally derived measles 1977;52:3-7.[PubMed]
antibody in infants born to naturally infected and vaccinated women. Epidemiol 34. Philip RN, Reinhard KR, Lackman DB. Observations on a mumps epidemic in a
Infect 1996;117:519-524.[PubMed)] virgin population. Am J Hyg 1959;69:91-111.[PubMed]
17. Miller DL. Frequency of complications of measles, 1963. Report on a national 35. Nevarilova A, Sixtova E, Fassati M. Diagnosis and follow-up of parotitic pancre-
inquiry by the Public Health Laboratory Service in collaboration with the Society atitis by means of the determination of serum alpha-amylase activity. Acta Univ
of Medical Officers of Health. BMJ 1964;2:75-78.[PubMed] Carol Med Monogr 1977;89-95.[PubMed]

18. Miller CL. Severity of notified measles. BMJ 1978;1:1253-1255.[PubMed]
© BMJ Publishing Group Ltd 2009. All rights reserved. 20


http://www.ncbi.nlm.nih.gov/pubmed/11332662
http://www.ncbi.nlm.nih.gov/pubmed/2505612
http://www.ncbi.nlm.nih.gov/pubmed/17240285
http://www.ncbi.nlm.nih.gov/pubmed/7969278
http://www.ncbi.nlm.nih.gov/pubmed/9365454
http://www.ncbi.nlm.nih.gov/pubmed/8604176
http://www.ncbi.nlm.nih.gov/pubmed/6140434
http://www.ncbi.nlm.nih.gov/pubmed/3142541
http://www.ncbi.nlm.nih.gov/pubmed/5790238
http://www.ncbi.nlm.nih.gov/pubmed/1528642
http://www.ncbi.nlm.nih.gov/pubmed/8972678
http://www.ncbi.nlm.nih.gov/pubmed/14147791
http://www.ncbi.nlm.nih.gov/pubmed/647218
http://www.ncbi.nlm.nih.gov/pubmed/1792467
http://www.ncbi.nlm.nih.gov/pubmed/1470100
http://www.ncbi.nlm.nih.gov/pubmed/2111000
http://www.ncbi.nlm.nih.gov/pubmed/2034203
http://www.ncbi.nlm.nih.gov/pubmed/5952908
http://www.ncbi.nlm.nih.gov/pubmed/4800931
http://www.ncbi.nlm.nih.gov/pubmed/12404165
http://www.ncbi.nlm.nih.gov/pubmed/3113597
http://www.ncbi.nlm.nih.gov/pubmed/3113596
http://www.ncbi.nlm.nih.gov/pubmed/3919843
http://www.ncbi.nlm.nih.gov/pubmed/5465852
http://www.ncbi.nlm.nih.gov/pubmed/6624436
http://www.ncbi.nlm.nih.gov/pubmed/3348640
http://www.ncbi.nlm.nih.gov/pubmed/609284
http://www.ncbi.nlm.nih.gov/pubmed/13626949
http://www.ncbi.nlm.nih.gov/pubmed/307904

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Moriuchi H, Yamasaki S, Mori K, et al. A rubella epidemic in Sasebo, Japan in
1987, with various complications. Acta Paediatr Jpn 1990;32:67-75.[PubMed]

Bayer WL, Sherman FE, Michaels RH, et al. Purpura in congenital and acquired
rubella. N Engl J Med 1965;273:1362-1366.[PubMed]

Kenny FM, Michaels RH, Davis KS. Rubella encephalopathy. Later psychometric,
neurologic, and encephalographic evaluation of seven survivors. Am J Dis Child
1965;110:374-380.[PubMed]

McAlister GN. Congenital cataract following German measles in the mother.
Trans Ophthalmol Soc Aust 1941;3:35-46.[PubMed]

Miller E, Cradock-Watson JE, Pollock TM. Consequences of confirmed maternal
rubella at successive stages of pregnancy. Lancet 1982;2:781-784.[PubMed]
Anon. Vaccination against measles: clinical trial of live measles vaccine given
alone and live vaccine preceded by killed vaccine. Second report to the medical
research council by the measles vaccines committee. BMJ
1968;2:449-452.[PubMed]

Salmon DA, Haber M, Gangarosa E, et al. Health consequences of religious and
philosophical exemptions from immunization laws: individual and societal risk of
measles. JAMA 1999;282:47-53.[PubMed]

WHO vaccine-preventable diseases: monitoring system 2004 global summa-
ry.http://www.who.int/vaccines-documents/GlobalSummary/GlobalSumma-
ry_2004.pdf (last accessed 18 November 2009).

Pannuti CS, Moraes JC, Souza VA, et al. Measles antibody prevalence after
mass immunization in Sao Paulo, Brazil. Bull World Health Organ
1991;69:557-560.[PubMed]

Ramsay ME, Moffatt D, O'Connor M. Measles vaccine: a 27-year follow up. Epi-
demiol Infect 1994;112:409-412.[PubMed]

de Quadros CA, Izurieta H, Carrasco P, et al. Progress toward measles eradica-
tion in the region of the Americas. J Infect Dis 2003;187(suppl
1):5102-S110.[PubMed]

Ramsay ME, Jin L, White J, et al. The elimination of indigenous measles trans-
mission in England and Wales. J Infect Dis 2003;187(suppl!
1):5198-5207.[PubMed]

McFarland JW, Mansoor OD, Yang B. Accelerated measles control in the western
Pacific region. J Infect Dis 2003;187(suppl 1):S246-S251.

Gidding HF. The impact of Australia's measles control programme over the past
decade. Epidemiol Infect 2005;133:99-105.[PubMed]

King A, Varughese P, De Serres G, et al. Measles elimination in Canada. J Infect
Dis 2004;189:5236-S242.[PubMed]

Anderson RM, May RM. Static aspects of eradication and control. In: Infectious
diseases of humans: dynamics and control. Oxford: Oxford Science Publications
88,1992.

van den Hof S, Meffre CM, Conyn-van Spaendonck MA, et al. Measles outbreak
in a community with very low vaccine coverage, the Netherlands. Emerg Infect
Dis 2001;7(suppl 3):593-597.[PubMed)]

Koenig MA, Khan B, Wojtynak B. Impact of measles vaccination on childhood
mortality in rural Bangladesh. Bull World Health Organ 1990;68:441-447.[PubMed]
Centers for Disease Control and Prevention. Measles epidemic attributed to in-
adequate vaccination coverage: Campania, Italy, 2002. MMWR Morb Mortal
Wkly Rep 2003;52:1044-1047.[PubMed]

McBrien J, Murphy J, Gill D, et al. Measles outbreak in Dublin, 2000. Pediatr Infect
Dis J 2003;22:580-584.[PubMed]

Sussman J, Compston DAS. Subacute sclerosing panencephalitis in Wales. Q
J Med 1994;87:23-34.[PubMed]

Beersma MFC, Galama JMD, Van Druten HAM, et al. Subacute sclerosing pa-
nencephalitis in the Netherlands: 1976-1990. Int J Epidemiol
1992;21:583-589.[PubMed]

Anlar B, Kose G, Gurer Y, et al. Changing epidemiological features of subacute
sclerosing panencephalitis. Infection 2001;29:192-195.[PubMed]

Bojinova VS, Dimova PS, Belopitova LD, et al. Clinical and epidemiological
characteristics of subacute sclerosing panencephalitis in Bulgaria during the past
25 years (1978-2002). Eur J Paediatr Neurol 2004;8:89-94.[PubMed]

Halsey NA, Modlin JF, Jabbour JT, et al. Risk factors in subacute sclerosing pa-
nencephalitis: a case-control study. Am J Epidemiol 1980;111:415-424.[PubMed]
Lynn R, Nicoll A, Rahi J, et al, eds. Royal College of Paediatrics and Child Health
British Paediatric Surveillance Unit 14th Annual Report 1999-2000. Available
athttp://www.rcpch.ac.uk/doc.aspx?id_Resource=1484 (last accessed 3
November 2009).

Duclos P, Ward BJ. Measles vaccines: a review of adverse events. Drug Saf
1998;6:435-454. Search date 1998; primary sources Stratton RS, Howe CJ,
Johnston Jr RB. Adverse events associated with childhood vaccines: evidence
bearing on causality. Washington DC: National Academy Press 1994 for papers
published before 1994; for articles published after 1994, primary sources WHO
Collaborating Centre for International Drug Monitoring Database, discussion
groups, advisory committee documents, and other unspecified databas-
es.[PubMed]

Virtanen M, Peltola H, Paunio M, et al. Day-to-day reactogenicity and the healthy
vaccinee effect of measles-mumps-rubella vaccination. Pediatrics
2000;106:e62.[PubMed]

Barlow WE, Davis RL, Glasser JW. The risk of seizures after receipt of whole
cell pertussis or measles mumps and rubella vaccine. N Engl J Med
2001;345:656-661.[PubMed]

Vestergaard M, Hviid A, Madsen KM, et al. MMR vaccination and febrile seizures:
evaluation of susceptible subgroups and long-term prognosis. JAMA
2004;292:351-357.[PubMed]

Patja A, Davidkin I, Kurki T, et al. Serious adverse events after measles-mumps-
rubella vaccination during a fourteen year prospective follow up. Pediatr Infect
Dis J 2000;19:1127-1134.[PubMed]

Farrington P, Pugh S, Colville A, et al. A new method for active surveillance of
adverse events from diphtheria/tetanus/pertussis and measles/mumps/rubella
vaccines. Lancet 1995;345:567-569.[PubMed]

© BMJ Publishing Group Ltd 2009. All rights reserved.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Miller E, Andrews N, Stowe J, et al. Risks of convulsion and aseptic meningitis
following measles-mumps-rubella vaccination in the United Kingdom. Am J Epi-
demiol 2007;165:704—-709.[PubMed]

LeBaron CW, Bi D, Sullivan BJ, et al. Evaluation of potentially common adverse
events associated with the first and second doses of measles-mumps-rubella
vaccine. Pediatrics 2006;118:1422-1430.[PubMed]

Miller E, Goldacre M, Pugh S, et al. Risk of aseptic meningitis after measles,
mumps, and rubella vaccine in UK children. Lancet 1993;341:979.[PubMed]
Black S, Shinefield H, Ray P, et al. Risk of hospitalization because of aseptic
meningitis after measles-mumps-rubella vaccination in one- to two-year-old
children: an analysis of the Vaccine Safety Datalink (VSD) Project. Pediatr Infect
Dis J 1997;16:500-503.[PubMed]

Dourado |, Cunha S, Teixeira MG, et al. Outbreak of aseptic meningitis associated
with mass vaccination with a Urabe-containing measles-mumps-rubella vaccine:
implications for immunization programs. Am J Epidemiol
2000;151:524-530.[PubMed]

Ki M, Park T, Yi SG, et al. Risk analysis of aseptic meningitis after measles-
mumps-rubella vaccination in Korean children by using a case-crossover design.
Am J Epidemiol 2003;157:158-165.[PubMed)]

de Silveira CM, Kmetzsch CI, Mohrdieck R, et al. The risk of aseptic meningitis
associated with the Leningrad-Zagreb mumps vaccine strain following mass
vaccination with measles-mumps-rubella, Rio Grande do Sul, Brazil, 1997. Int J
Epidemiol 2002;31:978-982.[PubMed]

da Cunha SS, Rodrigues LC, Barreto ML, et al. Outbreak of aseptic meningitis
and mumps after mass vaccination with MMR vaccine using the Leningrad—Zagreb
mumps strain. Vaccine 2002;20:1106-1112.[PubMed]

Miller E, Waight P, Farrington CP, et al. Idiopathic thrombocytopenic purpura
and MMR vaccine. Arch Dis Child 2001;84:227-229.[PubMed]

Andrews N, Stowe J, Miller E, et al. Post-licensure safety of the meningococcal
group C conjugate vaccine. Hum Vaccin 2007;3:59-63.[PubMed]

Black C, Kaye JA, Jick, H. MMR vaccine and idiopathic thrombocytopaenic pur-
pura. Br J Clin Pharmacol 2003;55:107-111.[PubMed]

Stratton KR, Howe CJ, Johnston RB, eds. Adverse events associated with
childhood vaccines. Evidence bearing on causality. Washington DC: National
Academy Press, 1994.

Committee on Safety of Medicines and Medicines Control Agency. Adverse re-
actions to measles rubella vaccine. Curr Prob Pharmacovigil 1995;25:9-10.
Salisbury DM, Campbell H, Edwards B. Measles rubella immunisation campaign
in England "one year on". London: Department of Health, November 1995.

Adler UC. The influence of childhood infections and vaccination on the develop-
ment of atopy: a systematic review of the direct epidemiological evidence.
Homeopathy 2005;94:182—195.[PubMed]

DeStefano D, Gu P, Kramarz BI, et al. Childhood vaccinations and risk of asthma.
Pediatr Infect Dis J 2002;21:498-504.[PubMed)]

Maher JE, Mullooly JP, Drew L, et al. Infant vaccinations and childhood asthma
among full-term infants. Pharmacoepidemiol Drug Saf 2004;13:1-9.[PubMed]
McKeever TM, Lewis SA, Smith C, et al. Vaccination and allergic disease: a birth
cohort study. Am J Public Health 2004;94:985-989.[PubMed)]

Wickens K, Crane J, Kemp T, et al. A case-control study of risk factors for asthma
in New Zealand children. Aust N Z J Public Health 2001;25:44—-49.[PubMed]
Bremner SA, Carey IM, DeWilde S, et al. Timing of routine immunisations and
subsequent hay fever risk. Arch Dis Child 2005;90:567-573.[PubMed]

Huviid A, Stellfeld M, Wohlfahrt J, et al. Childhood vaccination and type 1 diabetes.
N Engl J Med 2004;350:1398-1404.[PubMed]

Plesner AM, Hansen FJ, Taudorf K, et al. Gait disturbance interpreted as cere-
bellar ataxia after MMR vaccination at 15 months of age: a follow-up study. Acta
Paediatr 2000;89:58-63.[PubMed)]

Miller E, Andrews N, Grant A, et al. No evidence of an association between MMR
vaccine and gait disturbance. Arch Dis Child 2005;90:292-296.[PubMed]

DeStefano F, Verstraeten T, Jackson LA, et al. Vaccinations and risk of central
nervous system demyelinating diseases in adults. Arch Neurol
2003;60:504-509.[PubMed]

Institute of Medicine. Immunization safety review: measles-mumps-rubella vaccine
and autism (2001). Washington DC: National Academy Press, 2001. Available
at http://books.nap.edu/books/0309074479/html/index.html (last accessed 3
November 2009).

DeStefano F, Bhasin TK, Thompson WW, et al. Age at first measles-mumps-
rubella vaccination in children with autism and school-matched control subjects:
a population-based study metropolitan Atlanta. Pediatrics
2004;113:259-266.[PubMed]

Madsen KM, Hviid A, Vestergaard M, et al. A population-based study of measles,
mumps, and rubella vaccination and autism. N Engl J Med
2002;347:1477-1482.[PubMed]

Taylor B, Miller E, Farrington CP, et al. Autism and measles, mumps, and rubella
vaccine: no epidemiological evidence for a causal association. Lancet
1999;353:2026-2029.[PubMed]

Taylor B, Miller E, Lingam R, et al. Measles, mumps, and rubella vaccination and
bowel problems or developmental regression in children with autism: a population
study. BMJ 2002;324:393-396.[PubMed]

Honda H, Shimizu Y, Rutter M. No effect of MMR withdrawal on the incidence
of autism: a total population study. J Child Psychol Psychiatry
2005;46:572-579.[PubMed)]

Dales L, Hammer SJ, Smith N. Time trends in autism and in MMR immunization
coverage in California. JAMA 2001;285:1183-1185.[PubMed]

Kaye JA, del Mar Melero-Montes M, Jick H. Mumps, measles, and rubella vaccine
and the incidence of autism recorded by general practitioners: a time trend
analysis. BMJ 2001;322:460-463.[PubMed)]

Morris DL, Montgomery SM, Thompson NP. Measles vaccination and inflamma-
tory bowel disease: a National British Cohort study. Am J Gastroenterol
2000;95:3507-3512.[PubMed]

Davis RL, Kramarz P, Bohlke K, et al. Measles-mumps-rubella and other measles
containing vaccines do not increase risk for inflammatory bowel disease: a case

21


http://www.ncbi.nlm.nih.gov/pubmed/2109490
http://www.ncbi.nlm.nih.gov/pubmed/5892083
http://www.ncbi.nlm.nih.gov/pubmed/5834206
http://www.ncbi.nlm.nih.gov/pubmed/11590666
http://www.ncbi.nlm.nih.gov/pubmed/6126663
http://www.ncbi.nlm.nih.gov/pubmed/5648287
http://www.ncbi.nlm.nih.gov/pubmed/10404911
http://www.ncbi.nlm.nih.gov/pubmed/1959156
http://www.ncbi.nlm.nih.gov/pubmed/8150015
http://www.ncbi.nlm.nih.gov/pubmed/12721900
http://www.ncbi.nlm.nih.gov/pubmed/12721914
http://www.ncbi.nlm.nih.gov/pubmed/15724716
http://www.ncbi.nlm.nih.gov/pubmed/15106117
http://www.ncbi.nlm.nih.gov/pubmed/11485681
http://www.ncbi.nlm.nih.gov/pubmed/2208557
http://www.ncbi.nlm.nih.gov/pubmed/14586297
http://www.ncbi.nlm.nih.gov/pubmed/12867830
http://www.ncbi.nlm.nih.gov/pubmed/8140214
http://www.ncbi.nlm.nih.gov/pubmed/1634322
http://www.ncbi.nlm.nih.gov/pubmed/11545478
http://www.ncbi.nlm.nih.gov/pubmed/15253056
http://www.ncbi.nlm.nih.gov/pubmed/7377184
http://www.ncbi.nlm.nih.gov/pubmed/9880088
http://www.ncbi.nlm.nih.gov/pubmed/11061799
http://www.ncbi.nlm.nih.gov/pubmed/11547719
http://www.ncbi.nlm.nih.gov/pubmed/15265850
http://www.ncbi.nlm.nih.gov/pubmed/11144371
http://www.ncbi.nlm.nih.gov/pubmed/7619183
http://www.ncbi.nlm.nih.gov/pubmed/17204517
http://www.ncbi.nlm.nih.gov/pubmed/17015532
http://www.ncbi.nlm.nih.gov/pubmed/8096942
http://www.ncbi.nlm.nih.gov/pubmed/9154545
http://www.ncbi.nlm.nih.gov/pubmed/10707922
http://www.ncbi.nlm.nih.gov/pubmed/12522023
http://www.ncbi.nlm.nih.gov/pubmed/12435771
http://www.ncbi.nlm.nih.gov/pubmed/11803071
http://www.ncbi.nlm.nih.gov/pubmed/11207170
http://www.ncbi.nlm.nih.gov/pubmed/17312400
http://www.ncbi.nlm.nih.gov/pubmed/12534647
http://www.ncbi.nlm.nih.gov/pubmed/16060204
http://www.ncbi.nlm.nih.gov/pubmed/12182372
http://www.ncbi.nlm.nih.gov/pubmed/14971117
http://www.ncbi.nlm.nih.gov/pubmed/15249303
http://www.ncbi.nlm.nih.gov/pubmed/11297301
http://www.ncbi.nlm.nih.gov/pubmed/15908618
http://www.ncbi.nlm.nih.gov/pubmed/15070789
http://www.ncbi.nlm.nih.gov/pubmed/10677059
http://www.ncbi.nlm.nih.gov/pubmed/15723921
http://www.ncbi.nlm.nih.gov/pubmed/12707063
http://www.ncbi.nlm.nih.gov/pubmed/14754936
http://www.ncbi.nlm.nih.gov/pubmed/12421889
http://www.ncbi.nlm.nih.gov/pubmed/10376617
http://www.ncbi.nlm.nih.gov/pubmed/11850369
http://www.ncbi.nlm.nih.gov/pubmed/15877763
http://www.ncbi.nlm.nih.gov/pubmed/11231748
http://www.ncbi.nlm.nih.gov/pubmed/11222420
http://www.ncbi.nlm.nih.gov/pubmed/11151885

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

control study from the Vaccine Safety Datalink project. Arch Pediatr Adolesc Med
2001;155:354-359.[PubMed]

Wakefield AJ, Murch SH, Anthony A, et al. lleal-lymphoid-nodular hyperplasia,
non-specific colitis, and pervasive developmental disorder in children. Lancet
1998;351:637-641.[PubMed]

Ma X, Does MB, Metayer C, et al. Vaccination history and risk of childhood
leukaemia. Int J Epidemiol 2005;34:1100-1109.[PubMed]

Groves FD, Gridley G, Wacholder S, et al. Infant vaccinations and risk of childhood
acute lymphoblastic leukaemia in the USA. Br J Cancer
1999;81:175-178.[PubMed]

Miller E, Andrews N, Waight P, et al. Bacterial infections, immune overload, and
MMR vaccine. Measles, mumps, and rubella. Arch Dis Child
2003;88:222-223.[PubMed]

Hviid A, Wohlfahrt J, Stellfeld M, et al. Childhood vaccination and non-targeted
infectious disease hospitalization. JAMA 2005;294:699-705.[PubMed]

Demicheli V, Jefferson T, Rivetti A, et al. Vaccines for measles, mumps and
rubella in children. In: The Cochrane Library: Issue 3, 2006. Chichester: John
Wiley & Sons. [PubMed]

Farrington P, Pugh S, Colville A, et al. A new method for active surveillance of
adverse events from diphtheria/tetanus/pertussis and measles/mumps/rubella
vaccines. Lancet 1995;345:567-569.[PubMed)]

LeBaron CW, Beeler J, Sullivan BJ, et al. Persistence of measles antibodies after
2 doses of measles vaccine in a postelimination environment. Arch Pediatr
Adolesc Med 2007;161:294-301.[PubMed]

Aaby P, Samb B, Simondon F, et al. Non-specific beneficial effect of measles
immunisation: analysis of mortality studies from developing countries. BMJ
1995;311:481-485. Search date not reported; primary source Medline.[PubMed]
Ceyhan M, Kanra G, Erdem G, et al. Immunogenicity and efficacy of one dose
measles-mumps-rubella (MMR) vaccine at twelve months of age as compared
to monovalent measles vaccination at nine months followed by MMR revaccination
at fifteen months of age. Vaccine 2001;19:4473-4478.[PubMed]

Edees S, Pullan CR, Hull D. A randomised single blind trial of a combined mumps
measles rubella vaccine to evaluate serological response and reactions in the
UK population. Public Health 1991;105:91-97.[PubMed]

Robertson CM, Bennet VJ, Jefferson N, et al. Serological evaluation of a measles,
mumps, and rubella vaccine. Arch Dis Child 1988;63:612—-616.[PubMed]

Lerman SJ, Bollinger M, Brunken JM. Clinical and serologic evaluation of measles,
mumps, and rubella (HPV-77:DE-5 and RA 27/3) virus vaccines, singly and in
combination. Pediatrics 1981;68:18-22.[PubMed]

Takahashi H, Suzumura S, Shirakizawa F, et al. An epidemiological study on
Japanese autism concerning routine childhood immunization history. Jpn J Infect
Dis 2003;56:114-117.[PubMed]

ChenW, Landau S, Sham P, et al. No evidence for links between autism, MMR
and measles virus. Psychol Med 2004;34:543-553.[PubMed]

Anders J, Jacobson R, Poland G, et al. Secondary failure rates of measles vac-
cines: a meta-analysis of published studies. Pediatr Infect Dis J 1996;15:62—66.
Search date 1995; primary sources Medline (English language only), hand
searches of references cited in initial search, and references cited within first
generation references.[PubMed]

Pagano JS, Levine RH, Sugg WC, et al. Clinical trial of new attenuated mumps
virus vaccine (Jeryl Lynn strain): preliminary report. Prog Immunobiolog Stand
1967;3:196-202.

Sugg WC, Finger JA, Levine RH, et al. Field evaluation of live virus mumps
vaccine. J Pediatr 1968;72:461-466.[PubMed]

Hilleman MR, Weibel RE, Buynak EB, et al. Live attenuated mumps-virus vaccine.
IV. Protective efficacy as measured in a field evaluation. N Engl J Med
1967;276:252-258.[PubMed]

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Weibel RE, Stokes J, Buynak EB, et al. Live attenuated mumps-virus vaccine.
3. Clinical and serologic aspects in a field evaluation. N Engl J Med
1967;276:245-251.[PubMed]

van Loon FP, Holmes SJ, Sirotkin Bl, et al. Mumps surveillance - United States,
1988-1993. MMWR CDC Surveill Summ 1995;44:1-14.[PubMed]

Jones AG, White JM, Begg NT. The impact of MMR vaccine on mumps infection
in England and Wales. CDR (Lond Engl Rev) 1991;1:R93-R96.[PubMed]

Gay N, Miller E, Hesketh L, et al. Mumps surveillance in England and Wales
supports introduction of a two dose schedule. Commun Dis Rep CDR Rev
1997;7:R21-R26.[PubMed]

Savage E, Ramsay M, White J, et al. Mumps outbreaks across England and
Wales in 2004: observational study. BMJ 2005;330:1119-1120.[PubMed]

Wharton M, Cochi SL, Hutcheson RH, et al. A large outbreak of mumps in the
postvaccine era. J Infect Dis 1988;158:1253-1260.[PubMed]

Harling R, White JM, Ramsay ME, et al. The effectiveness of the mumps compo-
nent of the MMR vaccine: a case control study. Vaccine
2005;23:4070-4074.[PubMed]

Ong G, Goh KT, Ma S, et al. Comparative efficacy of Rubini, Jeryl-Lynn and
Urabe mumps vaccines in Asian population. J Infect 2005;51:294-298.[PubMed]

Beasley RP, Detels R, Kim KS, et al. Prevention of rubella during an epidemic
on Taiwan. HPV-77 and RA 27-3 rubella vaccines administered subcutaneously
and intranasally HPV-77 vaccine mixed with mumps and/or measles vaccines.
Am J Dis Child 1969;118:301-306.[PubMed]

Furukawa T, Miyata T, Kondo K, et al. Rubella vaccination during an epidemic.
JAMA 1970;213:987-990.[PubMed]

ACIP. Rubella prevention. Recommendations of the Immunization Practices
Advisory Committee (ACIP). MMWR Recomm Rep 1990;39(RR-15):1-18.

Centers for Disease Control and Prevention (CDC). Elimination of rubella and
congenital rubella syndrome - United States, 1969-2004. MMWR Morb Mortal
WKly Rep 2005;54:279-282.[PubMed]

Francis BH, Thomas AK, McCarty CA. The impact of rubella immunization on
the serological status of women of childbearing age: a retrospective longitudinal
study in Melbourne, Australia. Am J Public Health 2003;93:1274—1276.[PubMed]

Bottiger M, Forsgren M. Twenty years' experience of rubella vaccination in
Sweden: 10 years of selective vaccination (of 12-year-old girls and of women
postpartum) and 13 years of a general two-dose vaccination. Vaccine
1997;15:1538-1544.[PubMed]

World Health Organization. Progress towards elimination of measles and preven-
tion of congenital rubella infection in the WHO European Region, 1990-2004.
WKkKly Epidemiol Rec 2005;80:66—71.[PubMed]

Rafila A, Marin M, Pistol A, et al. A large rubella outbreak, Romania - 2003. Euro
Surveill 2004;9;7-9.[PubMed]

Reef SE, Redd SB, Abernathy E, et al. The epidemiological profile of rubella and
congenital rubella syndrome in the United States, 1998-2004: the evidence for
absence of endemic transmission. Clin Infect Dis 2006;43:126—-132.[PubMed]

van der Veen Y, Hahne S, Ruijs H, et al. Rubella outbreak in an unvaccinated
religious community in the Netherlands leads to cases of congenital rubella syn-
drome. Euro Surveill 2005;10:E051124.[PubMed]

Panagiotopoulos T, Antoniadou |, Valassi-Adam E. Increase in congenital rubella
occurrence after immunisation in Greece: retrospective survey and systematic
review. BMJ 1999;319:1462-1467.[PubMed]

Lanzieri TM, Segatto TC, Siqueira MM, et al. Burden of congenital rubella syn-
drome after a community-wide rubella outbreak, Rio Branco, Acre, Brazil, 2000
to 2001. Pediatr Infect Dis J 2003;22:323-329.[PubMed)]

David Elliman

Islington PCT and Great Ormond Street Hospital
London

UK

Nitu Sengupta

Queen Mary School of Medicine and Dentistry
Barts

London

UK

Haitham El Bashir
Institute of Child Health
University College London
London

UK

Helen Bedford

Centre for Paediatric Epidemiology
Institute of Child Health

London

UK

Competing interests: HB, DE, and NS have in the past received money from immunisation manufacturers to attend symposia and conduct research. HEB declares that they

© BMJ Publishing Group Ltd 2009. All rights reserved.

have no competing interests

22


http://www.ncbi.nlm.nih.gov/pubmed/11231801
http://www.ncbi.nlm.nih.gov/pubmed/9500320
http://www.ncbi.nlm.nih.gov/pubmed/15951359
http://www.ncbi.nlm.nih.gov/pubmed/10487630
http://www.ncbi.nlm.nih.gov/pubmed/12598383
http://www.ncbi.nlm.nih.gov/pubmed/16091572
http://www.ncbi.nlm.nih.gov/pubmed/16235361
http://www.ncbi.nlm.nih.gov/pubmed/7619183
http://www.ncbi.nlm.nih.gov/pubmed/17339511
http://www.ncbi.nlm.nih.gov/pubmed/7647643
http://www.ncbi.nlm.nih.gov/pubmed/11483273
http://www.ncbi.nlm.nih.gov/pubmed/2068243
http://www.ncbi.nlm.nih.gov/pubmed/3291787
http://www.ncbi.nlm.nih.gov/pubmed/7017582
http://www.ncbi.nlm.nih.gov/pubmed/12944678
http://www.ncbi.nlm.nih.gov/pubmed/15259839
http://www.ncbi.nlm.nih.gov/pubmed/8684879
http://www.ncbi.nlm.nih.gov/pubmed/4869563
http://www.ncbi.nlm.nih.gov/pubmed/6016061
http://www.ncbi.nlm.nih.gov/pubmed/6016060
http://www.ncbi.nlm.nih.gov/pubmed/7637674
http://www.ncbi.nlm.nih.gov/pubmed/1669792
http://www.ncbi.nlm.nih.gov/pubmed/9046125
http://www.ncbi.nlm.nih.gov/pubmed/15891227
http://www.ncbi.nlm.nih.gov/pubmed/3198938
http://www.ncbi.nlm.nih.gov/pubmed/15950329
http://www.ncbi.nlm.nih.gov/pubmed/16291282
http://www.ncbi.nlm.nih.gov/pubmed/4893832
http://www.ncbi.nlm.nih.gov/pubmed/5468562
http://www.ncbi.nlm.nih.gov/pubmed/15788995
http://www.ncbi.nlm.nih.gov/pubmed/12893611
http://www.ncbi.nlm.nih.gov/pubmed/9330465
http://www.ncbi.nlm.nih.gov/pubmed/15771206
http://www.ncbi.nlm.nih.gov/pubmed/15192257
http://www.ncbi.nlm.nih.gov/pubmed/16998771
http://www.ncbi.nlm.nih.gov/pubmed/16794286
http://www.ncbi.nlm.nih.gov/pubmed/10582956
http://www.ncbi.nlm.nih.gov/pubmed/12690271

Disclaimer

The information contained in this publication is intended for medical professionals. Categories presented in Clinical Evidence indicate a
judgement about the strength of the evidence available to our contributors prior to publication and the relevant importance of benefit and
harms. We rely on our contributors to confirm the accuracy of the information presented and to adhere to describe accepted practices.
Readers should be aware that professionals in the field may have different opinions. Because of this and regular advances in medical research
we strongly recommend that readers' independently verify specified treatments and drugs including manufacturers' guidance. Also, the
categories do not indicate whether a particular treatment is generally appropriate or whether it is suitable for a particular individual. Ultimately
it is the readers' responsibility to make their own professional judgements, so to appropriately advise and treat their patients. To the fullest
extent permitted by law, BMJ Publishing Group Limited and its editors are not responsible for any losses, injury or damage caused to any
person or property (including under contract, by negligence, products liability or otherwise) whether they be direct or indirect, special, inci-
dental or consequential, resulting from the application of the information in this publication.

© BMJ Publishing Group Ltd 2009. All rights reserved. 23



Measles, mumps, and rubella: prevention

© BMJ Publishing Group Ltd 2009. All rights reserved. 24

yeay plyo



